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GENERAL DESCRIPTION INTR { 
SYSTEM/370 MODEL 145 — GENERAL DESCRIPTION a 


The System/370 Modet 145 is a high-availability, general-purpose 
data processing system that provides the reliability, availability, 


required by the 1401/1440/1460 and 1410/7010 emulator programs. 
All CPU and channel operations are controlled by the micro- 


3145 PROCESSING UNIT (CPU) contains from 112k to 2048k 
bytes of main storage, plus 32k for control storage. Monolithic 








performance, and convenience demanded by both business and control storage is reloadable and is used to contain the micro- program contained in control storage loaded from the console file. 
scientific users, This is achieved by: program necessary for system operation. Control storage is not The CPU clock is basically one main oscillator. Its pulses are a 
® Using monolithic system technology (MST) circuitry. All accessible to the user. : distributed to each board. Each board clock then develops the 


The CPU contains all hardware controlled by the microprogram, _ basic timing signals to time the CPU circuitry. These clocks have 
necessary to decode and execute the System/370 instruction set four basic cycle times: 202.5, 247.5, 292.5, and 315 nanoseconds. 
and, optionally, those in the hardware compatibility features , 


system storage-local, control, and main-is implemented 
“using monolithic technology. 


®@ Providing iogout information. Hard copy is available under 
corisole switch control, Programming determines whether 
the logout information is to be written en some I/O device 
(disk, tape, etc). ; 


Nay Cen Se 
No Se 8 


® Providing microprogram retry. Detected CPU hardware 
errors can be retried automatically by CPU retry hardware, — 
CPU retry is accomplished by additional microprogram 
routines and hardware. 


® Providing error checking and correction (ECC). Correction 
circuitry for both main and control storage dutomatically 
corrects single-bit errors, Doubte-bit storage errors are 
detected, the error location is indicated in fixed storage, 
and a machine-check interrupt occurs. 





CONSOLE FILE through an integrated attachment is used to 
 ioad control storage with either the System/370 microprogram 
for customer operations or with the microdiagnostic used to | 
check out the CPU. For details about this integrated attachment 
ma refer to “Console-File Adapter (CFA).” 





q 

i 

| 

@ Providing expanded machine-check interrupt facilities to { 
facilitate better error recording and recovery procedures, 








Either Console Printer-Keyboard can be used. For information 
on integrated attachment for these Console Printer-Keyboards, 
refer to ‘Console Printer-Keyboard (CPK).” 



































SYSTEM CONTROL PANEL contains the operator panels, the 
§ lights, and the switches used during check-out and maintenance ae = 
of the system. This console contains roll charts that can be sane -3210 CONSOLE PRINTER-KEYBOARD MODEL 1 uses the 


-§ checked to determine the status of different conditions ra SELECTRIC ® 1/0 II printing unit. The print element contains © 
f using the same lights. For a detailed description of the system 3215 CONSOLE PRINTER-KEYBOARD is a wite-matrix printer 88 characters arranged in an optimized pattern to provide fast 
control! panel, refer to “System Console (CNSL).” g that prints 85 characters per second. ; response. The printing speed is 15.5 characters per second. 





FEATURES 


3145 Models GE, GFD, H, HG, and I 
Standard Features 


3145 Processing Unit (with main power frame) 
160k to. 512k Bytes of Main Storage 
32k Bytes of Contro! Storage 


contol Stern 


114,688 bytes (112k) 
163,840 bytes (160k) 
212,992 bytes (208k) 
262,144 bytes (256k) 
393,216 bytes (384k) 
| §24,288 bytes (512k) 






















3145FED* 
3145GE 

3145GFD 
3145H 
3145HG** 
31451 ** 








See Note 1 


. “Withdrawn from the product line. 
**See Note 2. 


Audible Alarm — 
Byte-Multiplexer Channet 
Byte-Oriented Operand 

_ Channel Indirect Data Address 

*. Channel Retry information 
Console Fite 
Control Registers 
Dynamic Address Transtation 
Error Checking and Correction (ECC) 
Extended Control 
interval Timer 
Machine-Check Handling 
Microprogram Instruction Retry 
OS/DOS Compatibility 

. Program-Event Recording 
Selector Channel 1 (without !FA) or Selector Channel 2 

iwith IFA) ; : 

Storage Protection (Store and Fetch) 
System 370 Commercial Instruction Set 
Time-of-Day Clock 


Note 1: The standard contro!-storage is 32.768 bytes’ 
(32k). The system is equipped with a movable control- 
storage boundary that allows up to 64k bytes of contro! 
storage, depending upon the mix of features installed. 
These additional control-storage requirements are at the 
expense of main storage. The storage boundary is set 
automatically as a function of the initial microprogram 
load (IMPL) function. For additional information, refer 
to “Control Storage Requirements.” 


Note 2: Main storage above 256k bytes is contained in 
the 3345 Storage and Control Frame Model 1 or 4 


- (128k additional bytes for 384k bytes total) or the 3345 


Storage and Control Frame Model 2 or 5 (256k additionat 
bytes for 512k total). When any of these units is included, 
it contains the low-order storage addresses, The 3046 
Power Unit is required for these models. 

Both main and control-storage are equipped with error 
checking and correction (ECC). 


Optional Features 


Additional Byte-Multiplexer-Channe! Subchannels (Note 3) 

Block-Muitiplexer Channels (up to four) (Note 4) 

Channel-to-Channel Adapter 

Clock Comparator and CP!! Timer 

Conditional Swapping Feature 

Direct Control {with external interrupt) 

System/370 Floating-Point Instruction Set and 
Floating-Point (includes extended precision) 


_ Integrated File Adapter (IF A) (Note 5) 


Integrated Storage Control (contained in 3345 
Models 3, 4, and 5} 

Selector Channels 2, 3, and 4 (without IFA) or 
Selector Channel 3 (with IFA) {Note 5) 


Virtual Machine Assist Feature 


Word Buffer (Note 6} 

1401/1460, 1440 Emulator 

1401/1460, 1440 and 1410/7010 Emulator 

3219 Console Printer- Keyboard Model 1 (Note 7) 

3210 Console Printer-Keyboard Model 2 (Note 7) 

3215 Console Printer-Keyboard Model 1 (Note 7} 

3345 Storage and Control Frame Mode! 1 or 4 
(for 384k System}(Note 8) 


- 3345 Storage and Control Frame Model 2 or 5 


(for 512k System}(Note 8) 


Note 3: The byte-multiplexer channel has 16 subchanneis 
that address up to 136 1/0 devices (eight shared UCWs can 
address up to 16 devices each; eight unshared UCWs can 
address one device each). Up to eight control units can 

be attached. Configurations with 32, 64, 128, or 256:sub- 
channels are available. 


Note 4: A block-multiplexer feature can be ordered in 
place of all instalfed selector channels. Block-multiplexer 
channels cannot replace selector channels 1 and 4 when 
integrated file adapter is installed. 


Note 5: The integrated file adapter and selector channels 
1 and 4 are mutually exclusive. Each selector channel 
addresses up to 256 I/O devices. Up to eight control 

units can be attached. : 


Note 6: The word buffer feature is installed on all 
selector or block-multiplexer channels or none. The 
word buffer feature is not available for the integrated file 


adapter feature. 


Note 7: The 3210 Model 1 and the 3215 are mutually 
exclusive; one is required. The 3210 Model 2 can be 
used as an auxiliary printer-keyboard (except for alter/ 
display functions). 


Note 8: A 3046 Power Unit Model 1 is required for alt 
configurations having a 3345 Storage and Control 


‘Frame Model 1, 2, 4, or 5. 
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3145 Models H2, HG2, 12, tH2, J2, JI2, and K2 


Standard Features 


3145 Processing Unit (with main power frame) (Note 1) 
256k to 2048k Bytes of Main Storage ; 
32k Bytes of Control Storage 


[Model | MainStorage__| Control Storage 


(| 3145H2 262,144 (256k) 
3145HG2] 393,216 (284k) 
3145 12 524,288 (512k) 
3145 JH2 | 786,432 (768k) 
3145 J2 | 1,048,576 (1024k) 
3145 S12) 11,572,864 (1536k) 
3145 K2 |2,097,152 (2048k) 





























Audible Alarm 
Byte-Multiplexer Channel 
Byte- Oriented Operand 
Channel Indirect Data Address 


Channel Retry information 

Console Fite 

Control Registers 

Dynamic Address Translation 

Error Checking and Correction (ECC) 
Extended Control - . 
Interval Timer 

Machine-Check Handling 
Microprogram Instruction Retry 
OS/DOS Compatibility 
Program-Event Recording 

Selector Channel 1 . 
Storage Protection (Store and Fetch) 
System/370 Commercial Instruction Set 
Time-of-Day Clock 


Note 1: The 3145 Models H2, HG2, 12, 1H2, J2, JI2, and K2 
require a 3047 Power Unit Mode} 1. 


Note 2: The standard control storage is 32,768 bytes (32k). 
The system is equipped with a movable control-storage 
boundary that allows up to 64k bytes of control storage, 
depending upon the mix of features installed. These addi- 
tional controt-storage requirements are at the expense of 
main storage. The storage boundary is set automatically 
as a function of the initial microprogram load (IMPL} func- 
tion. For additional information, refer to ‘‘Control Storage 
Requirements.” 

Both main and control storage are equipped with error 
checking and correction (ECC). 


Optional Features 


Additional Byte-Multiplexer-Channel Subchannels (Note 3) 

Advanced Control Program Support Feature (Note 4) 

Block-Multiplexer Channels (up to four) (Note 5) 

Channel-to-Channel Adapter 

Clock Comparator and CPU Timer 

Conditional Swapping Feature 

Direct Controt (with External interrupt) 

System/370 Floating-Point Instruction set and 
Floating-Point (includes extended precision) 

Integrated Storage Control 

Selector Channels 2, 3, and 4 


Virtual Machine Assist Feature 

Word Buffer (Note 6) 

1401/1460, 1440 Emulator 

1401/1460, 1440 and 1410/7010 Emulator 

3210 Console Printer-Keyboard Model 1 (Note 7) 
3210 Console Printer-Keyboard Model 2 (Note 7) 
3215 Console Printer-Keyboard Mode! 1 (Note 7) 


Note 3: The byte-multiplexer channel has 16 subchannels 
that address up to 136 I/O devices (eight shared UCWs can 
address up to 16 devices each; eight unshared UCWs can 
address one device each). Up to eight control units can be 
attached. Configurations with 32, 64, 128, or 256 sub- 
channels are available. 


Note 4: Available only on 3145 Models 1H2, J2, JI2, and K2. 


Note 5: A block-multiptexer feature can be ordered in 
place of all installed selector channels. 


Note 6: The word buffer feature is installed on ali selector 
or block-multiplexer channels or none. 


Note 7: The 3210 Model 1 and the 3215 are mutually 
exclusive; one is required. The 3210 Modet 2 can be used 
as an auxitiary printer-keyboard (except for aiter/display 
functions). 
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3145 DATA FLOW” 


This is a high-level data flow of the 3145 CPU. The general 
layout is such that you can easily reference from any area of 
this high-level data flow to the same area of the overall! data 


External facilities have restrictions associated with them because 
of the manner in which they are used. For example, certain 
externals cannot be addressed as destinations for data. Others 


@ The arithmetic and logic unit (ALU) [J] performs the logic 
manipulations and adding operations in the CPU. Two ALU 
units are provided to allow halfword binary and word-move 


@ The SPTL J, special externat registers, are used for 
direct and indirect addressing, byte selection, and status indi- 
cations. The SPTL registers are destined in the same machine 


_« flow, The facing page illustrates the overall data flow for the 
3145 CPU, ; 

The number of bits entering or leaving a function or register 
is identified either by the wight (thickness) of the line (see 


the legend block at the lower center of the overall data flow) ; . ; ; . 
or by placing the number of bits in the flow line. B-LS B-Local 
This section gives a brief description of the 3145 functional Addr Storage 
: Decode ; 


_ cannot be sources for data. operations in one pass. Each ALU consists of A and B entry cycle. 


gates, logic and arithmetic circuits, and output gating to 
Position the output byte in the Z-Register. I 


units illustrated in the high-level data flow. Some basic facts 

to be introduced for overall understanding of the system follow. 

@ When power is fist apriied to the system,an automatic 
tnitial Microprogram Load (IMPL) occurs, Data is read from : 


the console-file disk into the external assembler ES. From the 
A-Local 
Storage 


awa" 


assembler the data moves to the A-Register EI, to the A-Byte | A-LS 
Assembler, out on Storage Data Bus-In SDBI and then the a0 oo 
data is loaded into control storage. Cc} re 

@ The 3145 is a word length processor. Each time storage is 

>, accessed, a doubleword is read out. Through address bit for- 

mat, the even or odd address word is gated and used for that 
specific operation. 

@ Normal addressing of storage is through the B-Register +O] 


to the M-Recister. E] The M-Register sets up the address of 
main or contro! storage to be accessed. Control storage is a : CF Dats [am 









A-Byte Asm B-Byte Asm 









reserved area and is unavailable to the user. All addresses 
are validity checked. 

@ The microprogram resides in control storage and is read 
out into the C-Register. This control word information 
provides clock cycle length and sets up hardware gating 
controls for the handling of data. The clock is a variable 
cycle clock designed to accommodate operations requiring 
longer cycle times. 

®@ Loca! Storage (LS) G consists of two monofithic stacks 
of 64 words each (A-LS and B-LS). Destined data is written 
into both A-and B-LS so that both stacks contain the same 
information at any corresponding address, This permits 
comparison checking of LS data. 

@The External facilities are composed of registers, buses, 
status lines, and other circuitry that form the communi- Gi 
cation line between the microprogram and: 

Channels (CHNL) : : 

‘Console-File Adapter (CFA) pm cReg 
Console Printer-Keyboard (CPK) i 

Checking Facilities 

Retry Circuits “* 

Integrated File Adapter (IFA) 

Features. 





SDBI (Storage Data Bus-tn) 


(aes Lines 


em SDBO (Storage Data Bus Out) 
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STORAGE 
For details about storage, refer to “Storage (STOR).” 


Storage for the Mode! 145 is implemented by monolithic 
technology. !t is based on bipolar, semiconductor storage 
cells with nondestructive read capabilities. Unlike magnetic 
core storage, the content of storage is lost when power is 
turned off. 

The main advantages of semiconductor storage are: 
@ price/performance 


@. reliability and serviceability (a storage card can easily 
be replaced). 
Storage Structure 


All 145 storage (local, contro!, and main) is implemented 
using monolithic technology. 


Main Storage 


The 3145 processor has the following models and storage size 
options: 


Model Storage Size 
FED 112k* 
GE 160k 
GFD : : 208k 
H or H2 256k 
HG when used with a 3345 Model 1 or 4,or HG2 384k 
t when used with a 3345 Model 2 or §, or {2 §12k 
1H2 768k 
J2 1024k 
J2 1536k 
K2 2048k 


“112k withdrawn from product line. 


Data-Transfer Times 

Storage data path width is eight bytes. The CPU fetches a 
doubleword in 540 nanoseconds. It stores one word in 607.5 
nanoseconds. (This involves fetching eight bytes, updating 
four of them, resetting the ECC, and then storing back.) 


Control Storage (CS) 


The amount of control storage required depends upon 
features in the system. 


Basic system microcode contains: 
Standard instructions 


Standard features 
Patch area and routine 


and requires 24,600 bytes of CS. 


Additional storage is required for: 


Byte and block MPX UCWs 
Block MPX feature 

Console support 

Integrated file adapter (IFA) 
14XX/7010/DOS emulators 


Floating-point ro 
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Direct control 

Clock comparator 
Advanced contro! program 
Sample requirements 


CS is assigned in the high-order range of available storage. © — 


For example: 160k Model 145 

Amount Address Range 
Main Storage 160k 0-160k 
Control Storage 32k 160k-192k 


Instructions accessing control storage cause address checks; 
attempting to access a control word from main storage causes a 
machine check, This is checked by comparing the address 
with the setting of the address check boundary register (ACB). 
The ACB register is part of the external facitity. 
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Retoadabte Control Storage (RCS)—Advantages 


Amount of control storage needed is minimized by recores.g 
a console-file cartridge for each customer according to the 
features the customer orders. 


Engineering changes to the microprogram can be easily effected. 


One storage system (single addressing design, circuits, data 
flow) allows greater serviceability, 


Functions implemented through RCS can be easily extended. 


Speed 
Fetch cycle: 540 ns, 8 bytes. 
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RCS SIZE 


32k bytes is the minimum. RCS may be expanded in increments 


of 2k bytes up to 4k at the expense of main storage. 


The location of the RCS/main storage boundary is established 
by microcode at IMPL time. 


INTR 8 


For details of items on this >. “CPU Hardware (CPU). 
For storage pratection, refer to age (STOR}.”. 
STORAGE DATA BUS-OUT ASSEMBLER B - 


@ The Storage Data Bus-Out (SDBO) preassembiler receives a 
.,, doubleword of data from main storage. 


@ The output of the SDBO preassembier is gated to provide 
word, halfword, or byte selection. . 


® The SDBO assembler receives input data from the SDBO pre- 
assembler, the storage-protect stack and the D-register. It 
Provides an output that is used as data for external bus-in 
(EBI) and focal storage. 


C-REGISTER 9 


The C-register decodes the control word and provides control 
and gating of CPU functions, When read out of control storage 
and gated to the C-register, the control word is decoded to 
determine: 


@ Word type 
® CPU function 
@ CPU clock cycle and length 


- The C-register is set through the secondary control assembler 
- during certain operations; for example, manually setting a 
control word from the switches on the console. 


M-REGISTER 


®@ Composed of M1, M2, and M3, which provides a 21-bit 
(plus three parity bits) storage address. : 


@ Addresses main and control storage. Storage is read out on a 
doubleword boundary and stored on a word boundary. 


N-REGISTER 
@ Composed of N2 and N3. 
@ Backup register for contro!-storage addressing. 


@ N2 is set with the same information as M2 and is changed 
onty when the contro! word being executed performs a 
module-switch function. 


@ N3 is set with the same information as M3. 


N is not changed when a trap occurs. 


@ When a trap occurs, the M-register is set to the trap address. 
The trap routine stores the contents of N (the N-Reg 
contains the next address that would have been used had 
the trap not occurred). At the end of the trap routine, M 
and N are restored to their original value so that the control- 
word sequence may continue as if there had not been any 
tap. 
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MB-REGISTER @ 
@ Composed of M82, MB3. 


@ Set with the control-word address in M2, and M3 from M2 
BFR and M3 BFR. : 


© When the CPU clock is stopped, MB contains the address of 
the last word executed. 


@ MB output is available to the retry and backup circuits as 
well as the external assembier. 
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STORAGE PROTECTION 


The storage-protect unit has a 64 x 8 monolithic storage 
protection stack that applies to main storage locations zero 
through 131 ,072 (in sequential blocks of 2,048 bytes). 
Additional! stacks are provided in the CPU when main- 
storage capacity extends from 131,072 bytes to 524,288 
bytes. Above 524,288 bytes, storage protect is located in 
the Power Frame (03) and is a mix of 64 x B and 64 x 18 
monolithic storage cards. 
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Storage-protect circuits prevent accessing protected 
areas during either store or fetch operations. To protect 
specific areas of storage, key bits are first stored in the array of 
the storage-protect circuit by a write-key operation. During a 
subsequent store or fetch operation, one of the prestored keys 
is accessed and compared with the key provided by the user. 
If the keys match, access to data storage is granted; if not, 
access is denied. 


3145 TM INTRO 


For details of items on this pege, refer to “CPU Hardware (CPU)."* 


A- AND B-REGISTERS 


The A- and B-registers, each with a fullword capacity, provide the 
primary data inputs to the ALUs. 
The B-register also feeds the M-register during address setup: 


@ in the first cycle of a storage word, or 


® During a return function in which the return address is 
taken from local storage or an external facility. 


ARITHMETIC AND LOGIC UNITS (ALUs) & 


Two one-byte ALUs (ALU2 and ALU3) perform the 
following operations in.one CPU cycle: 


® Binary addition, true or complement, of up to two fullword 
operands. Two hatfword additions are performed to achieve 
the fullword add. Binary halfword addition is achieved by 
gating the two low-order operand bytes of each halfword 
into ALU3, and two high-order operand bytes of each half- 
word into ALUZ2. 


@ Logical operation on two 1-byte operands. The operation 
can be AND, OR, or Exclusive OR. 


@ QOne-byte, packed-decimal addition (true or complement). 


® Operations and microprogram symbols are: 


Symbol Operation 

A, AND 

OR, OR 

,OE, Exclusive OR 

+ True ADD 

- Complement ADD 

D+-, Decimal ADD 

+. Binary ADD 

a, Complement AND 
Z-REGISTER 


ALU results are set into the four-byte Z-register. The ALU 
result data can then be routed from Z to: 


® The D-register (normal gating) 
® The §S, P, T, or L-registers 
@ The A- or B-registers. 


Also, the 2-register data (that is, ALU result) is tested, if so 
specified in the control word being executed, to set/reset 
S-register bits. 


D-REGISTER 


The D-register is used as an interim destination for data to be 
routed to external facilities or local storage. The data leaves 
the D-register on the following control-word cycle. 


te Sh sur 


SPTL-~-SPECIAL EXTERNAL WORD @ 

®@ Addressed directly by controf-word bits. 

@ Has special data path to A- and B-register inputs. 

@ Only external that can be used as a B-source. 

® Only facility that is destined in the same cycle (except H-Reg). 
@ Composed of four one-byte registers: S, P, T, and L. 


S-Register: holds the status of arithmetic and logical results; 
controls some arithmetic functions. ; 


P-Register: base address register for local storage and external 
addressing. 


T-Register: used in conjunction with special branch functions, 
shifting, storing, and indirect-byte addressing. 


L-Register: used in conjunction with P-high bits to form indirect 
focal-storage addresses. 
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H-REGISTER 


The setting of the latches in the H-register isused to determine 
the priority of traps. The bits are set during trap-2 cycle and 
prevent traps of lower priority from occurring. 


BACKUP AND RETRY EXTERNAL REGISTER 


To allow recovery from certain kinds of errors, hardware 
registers (externals) are provided. The backup registers are set 
to the current cycle setting of the prime register; the retry 
registers are set to the cycle prior to the one currently being 
executed, ~ oti 
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FLUSH-THROUGH CHECK 


Data routed to local storage, as the result of some control-word 
Operation, other than a storage word read, is gated from the D- 
register through the SDBO assembler §f§ to local storage. The data 
that is stored in A-local storage is set into the Flush-Through 
Check (FTC) latches and is matched to the data routed from the 
D-register. If the match is unequal,-an error condition is set. The 
same check is made on information routed to the external 
facilities from the D-register. 


For details about items on thi refer to “CPU Hardware (CPU). ” 


LOCAL STORAGE 9 


@ Aand A) local storage are identical monolithic stacks of 64 
words each.» - 

@ Both stacks contain the same information at the corresponding 
address. This enables checking to ensure that data being 
operated on is correct. 


@ The microprogram uses the local-storage area as a buffer 
between main storage and the CPU hardware. 


@ Addresses.are formed with combinations of bits from the 
contro{ word, P-register, L-register, T-register, console-file 
command register, and forced by the selector channel, 


® Access time is 24 nanoseconds. 


EXTERNAL FACILITIES @ 


@ External facilities are composed of registers, buses, status fines, 
and other circuitry that form the communications line 
between the microprogram and: 
Channels 
Console file 
Documentary console 
Checking facilities 
Retry circuits 
Integrated file adapter 
Features 
@ Addresses are formed from contro! words, console-file data, 
selector-channel circuits, console switches, retry information, 
and socal-storage address data. 


@ Data from the externals enters the data flow through the 
external assembler to the A-Reg. . 


@ Data to the externals is gated through the SDBO assembler on 
the external bus-in (EBI). 


EXPANDED LOCAL STORAGE 


The expanded local storage (EXPLS) registers are hardware 
registers addressed as though they are local-storage (LS) 
registers. EXPLS operates similar to the external facilities; 
however, the output is routed to the A- and B-registers similar 
to LS. 


CYCLE CONTROLS & 


' This hardware improves the CPU performance for System/360 
and System/370 instructions by reducing the time during I-Phase 
__ of instruction processing. 


BUFFERS @ 


The |-buffers consist of three 1-word registers and are used to 
hold the present instruction pius, in most cases, the next 
doubleword of the instruction stream. 


ADDRESS ADJUST AND DYNAMIC ADDRESS 
TRANSLATE 


, This logic is used by the OS/DOS compatibility and Dynamic 


Address Translation features. OS/DOS compatibility feature 
uses the lagic for executing a DOS supervisor and DOS 


- programs under control of the OS supervisor in. any main- 


storage location. Dynamic Address Translation uses the 
logic to make available by software and hardware up to 
16M of virtual storage. 





WIND B-LOCAL STORE COMPARE 


_ Data stored in local storage is focated at the corresponding 


address in both local-storage stacks, The data is read from both 
stacks and compared. If the data does not compare, an error 
condition is set. Note that the output of expanded local storage 
is routed along the same path but is not compared. 
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REGISTER 
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MICROPROGRAMS INTR 12 
MICROPROGRAMS : 


. For details ebout microprograms, refer to “Microprogram (MIC). 


@ All functions performed by the 3145 are controlled by a 
microprogram, 


@ Before any processing may begin, the microprogram must be 
loaded into the control-storage area. 


@ The microprogram is loaded into control storage from a disk 
_. that is read by the consote file. 


. .@ This loading process is called Initial oe Program 


é Load {IMPL). 
e The microprogram is composed of microroutines of varying ¢ _ : ook Delis seer 
sizes, each having a specific task to perform. aed : oe Cle es SC anes 


® The microprogram handles the processing of the instructions , of & 
_ and data that are read into the main-storage area, BA a oo : : [ete 


AMCULTS 


* @ Channel operations and the operations of the integrated aa semen Pree 
'- devices are also handled by the microprogram. Be Bn 
@ Each microroutine is composed of bit-significant control Lessee mor es 

words that handle particular functions. These functions 


control execution of the specified task of the microroutine. 


CONTROL WORD READOUT 


Before a contro! word can perform any of its functions, it 
must be set into the four-byte control register (C-Reg). iB) The 
“. outputs of the C-Reg activate circuitry that causes the execution 


of specified data-flow functions. cet 
AAA 


Control words are normally read from contro! storage and vt ; : omeon 
set into the C-Reg. However, control words can be set into the See " a cs rnamne N 
- C-Reg directly from the console file, and certain control-word N od 
bit combinations may be forced into the C-Reg by circuitry. ; ae Lie . ren ERREE 
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Assume that control and main storage have been loaded and 
that processing has begun: 
1. Control! words are read out of control storage and gated out 
‘on the Storage Data Bus-Out (SDBO). 


2. Portions of the control words are gated from the SDBO to 
either the local storage control assembler Bor the external 
control assembler [2]. This is done to set up source addresses 
for these facilities early in the cycle. 
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_..3.: The control words are gated into the control register 5 
-(C-Reg) FE, where they are decoded. Decoding the control : : 
words brings up control and addressing lines that access : 


and Eacnyte the programs located in main storage. INSTRUCTION/DATA READOUT 2. The odd or even address word, of the doubleword, is 
When a control word performs a read operation on main selected and gated to the SDBO assembler. 
storage, either instructions or data is accessed. All read oS 3. If the word selected is a data word, it is gated to local 
operations, for control or main storage, result ina double- : storage G or some external facility BJ. 


word's being accessed from storage. 
Assume that a control word is performing a read operation 
on main storage; 


4. If the word is an instruction, it is gated to the |-buffers Gi, 
expanded local storage gi, and in some cases to the cpt ; 


agjustment circuits g. 
1. The doubleword from main storage is gated out on the : fod 


SDBO Gi to the SDBO pre-assembly latches a: 


CONTROL WORD FUR@PONS 


For details about control words, refer to “Microprogram (mic). 


The control words and their high-level functions are: 


Branch and Module Switch 
“Functions: 

®@ Branch 

® Module switch 

@ Destine data to the S, Tor L-registers 


Branch Word 

Functions: 

@ Branch 

@ Module switch (special function). 

© Set/reset bits in focal storage or external registers 


- Branch and Link or Return 

Branch and Link Functions: ; 

@ Store S, P, N2, N3 into a link register 
© Set P with a value, or module switch 
® Branch 


-. Return Functions: 


@ Restore S, P, N2,N3 
@ Reset H-register bits 
@ Alter the link address in some cases 


Word Move 

@ Move a fullword or selected bytes from one toca! 
storage/external location to another. 

@ Branch , 


Storage Word 
Functions: 


@ Read data from of store data into— 
Local storage 
Main storage 
. Control storage 
External registers 
Storage protect stack 


e Branch 


Arithmetic Word 

Type 10 Functions: 

@ Perform a variety of arithmetic and logical operations 

@ Operate on fullwords for arithmetic or shifting operations 
Type 11 Functions: , 

@® (sperates on bytes only 

@ Performs OR, or true ADD only 

®@ Provides A-register input crossing 


WORD TYPE —DEFINITION 


Byte 0 


Byte 1 


Byte 2 


Byte 3 





0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
1 
1 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
1 


C-REG 





* and in the C-register 
“byte 0, bits 0-3. 


The first hex digit of the 
contro! word is found on the 
microprogram listing&a, 





Word Example 08 39 CE 09 





First Hex 
Digit 
0 
1 
2 
3 
47 
&B 
C-F 


Control-Word 

Type 
Branch and module switch 
Branch 
Branch and link or return 
Word move ‘ 
Storage word 
Arithmetic type 10 
Arithmetic type 11 
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ERROR HANDLING 


If application-program errors occur (such as illogical action 
requests), the operating system attempts to handle the exception 
and provide any necessary operator messages. 

If a failure occurs within the CPU or an t/O unit, provisions are 
- made to retry the failing operation. Error-logout facilities to 
record any such failures are incorporated into the system. This 
is in addition to any provisions made by the operating system 
for error retry and error togging.) 

Microprogram instruction retry, limited and extended channel 
logout, storage validation (Error Checking and Correction--ECC) 
the main and control storage, and other error-detection and 
error-handling provisions are standard. 


MICROPROGRAM INSTRUCTION RETRY 


_ The ability to recover from most intermittent failures is provided 
‘by retry techniques. CPU retry is done by microprogram routines 
that save the source data before it is altered by the operation. 
When an error is detected, a microprogram routine returns the 
CPU to the beginning of the operation (or to a point during the 
Operation that was executed correctly), and the operation is 


repeated. For a detailed description of microprogram instruction - 


retry, refer to the “Recovery Features (REC).’ 


ERROR CHECKING AND CORRECTION (ECC) 


Error checking and correction circuitry for main and control 
storage automatically corrects single-bit errors, Automatic 
detection of double-bit errors is also provided. For a detailed 
description of ECC circuits, refer to “Storage (STOR).” 

For a description of handling ECC errors, refer to “Recovery 
Features {(REC).” 


CHANNEL RETRY 


This feature ensures that most failing channet operations can 
be retried by error-handling routines, Both a limited and an _ 
extended channe! logout are implemented. When a channel 
error or a CPU error associated with a channel operation 
occurs, the channel status word (CSW) and an extended 
channel status word (ECSW) are stored in the fixed lower 
storage area during the (/O interrupt. The ECSW or limited 
channel lag out data provides additional, more exacting 
status information about the channel failure. This datais . 
formatted by the channel check handler (CCH) routine and 
passed to a device-dependent error recovery routine to be 
used in the retry of the failing {/O operation. The ECSW 
contains information as to: 


Which unit detected the error 

Which unit caused the error 

Successful retries 

Channel retries 

Validity flags 

Retry code--how far has the instruction progressed in 
execution 


COMMAND RETRY 


Command retry is a contro}-unit-initiated procedure between the 
channel and the control unit. (Not all control units have this 
capability.) No I/O interruption is required. The number of 
retries is device-dependent, ; 
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COMPATIBILITY of MODEL 145, with OTHER SYSTEM/370 MODELS 


and SYSTEM/360 


Within the storage capacity, internal and input/output 
channel processing rates, and type of input/output devices 
that can be attached, compatibility is maintained with other 
System/370 and System/360 models, with the following 
exceptions. 

1. Programs using machine-dependent data (for example, 
machine logouts). 

2. Programs using the ASCII bit (PSW bit <1). 

3. Programs that depend upon features or I/O devices that 
are not implemented on this system (such as special 
instructions for ths System/360 Model 44). 

4. Programs that depend upon validity of data after the 
system power has been turned off and restored. 


Programs written for other System/370 or System/360 
modets that contain the following conditions or require- 
ments should be evaluated on an individual basis to ensure 
proper operation. 


1. Time-dependent programs, 

2, Programs written to cause deliberate program checks. 

3. Programs that depend upon model-dependent features of 
other System/370 and System/360 models, 

4, Programs that use storage locations between address 128 
(decimal) and 704 after a diagnostic logout into program 
storage. However, such programs may be executed if: . 
a. Check-control switch is set to Stop After Log 

Position, tn this case, processing stops after the 
diagnostic logout into program storage takes place. 

b. Program-storage locations that are overlaid by the 
diagnostic togout are restored with the program require- 
ments followed by an appropriate program restart 
procedure. 


Any attempt to continue processing after a dianostie logout 
to program storage without restoring your program informa- 
tion to the logout area has unpredicatable results. 


The 705-byte extent {the permanently assigned program- 
storage locations) can be reduced to 512 bytes by moving . 
the 192 bytes (between tocations 512 and 704) into another 
program-storage area. The technique used to accomplish this 
relocation depends upon your application. 


CONTROL REGISTERS 


The control registers provide for loading and storing control infor- 
mation, — 

The structure provides for sixteen 32-bit registers for control 
purposes, These registers are not part of addressable storage. 

One or more specific bit positions in control registers are 


_ assigned to each function requiring register space. Some of 


these functions and registers are: 
Making the timer interrupt and external interrupt in 


. control register 0, 


Masking machine-check subclasses by bits set in control 
register 14, : 
Pointing to an extended CPU ftogout area in control regis- 
ter 15. - : : 
For details of the control registers, refer to “CPU Hardware Fs 
(CPU).” “ v2 


PROGRAM STATUS WORD CHANGES 


Bit 7 External Mask bit is now a summary bit with control 
register 1 conataining the individual mask bits. 


Bit 12 is now reserved and must be zero. ASCII code is removed. 
Bit 6 is the mask bit for channels 6 and over. 


Bit 13 Hard Stop bit is now a summary bit. Control register 
14 contains mask bits for subclasses of machine checks. 


STANDARD INTERMBE 


The standard interface for System/370 has all the lines used 
on the System/360 standard interface, plus several additional 
lines. The additional fines used by the 3145 are identified 
on this page. For details of these lines, refer to “Channel 
(CHNL).” 


DATA-IN 


During read and sense operations, Data-In rises when data is 
available on Bus-In. During write and control operations, 
Data-In indicates that the control unit is ready to receive 
data. 

Data-In indicates to the channel that data on Bus-Out was 
accepted by the control unit or that the control unit pro- 
vided the requested data on Bus-In. 

Data-tn is effective with selector/block-multiplexer channels 
only and is used along with the Service-In Tag fine to increase 
data rates, 


DISCONNECT-IN 


Disconnect-In provides control units with the ability to alert 
the system of malfunctions, 

The channel responds to Disconnect-In by performing a 
selective reset. : 


MARK-O-IN 


Mark-0-tn is used only for the Command Retry feature. 

When the command being executed encounters a con- 
dition requiring retry, the control unit indicates this by 
raising Mark-0-In. 







BUS-OUT 


9 Lines 
Bits P, 0-7 


























9 Lines 
Bits P, 0-7 


“MARK Mark-0-In 






TAGS OUT 


Address-Out 
Command-Out 
Service-Out 
Data-Out 


TAGS IN 


Address-tn 
Status-In 
Service-In 
Data-tn 
Disconnect-In 







CONTROL UNIT 


SELECTION CONTROLS 


Select-Out 
Hold-Out 

Operationat Out 
Suppress-Out 





Select-in 
Request-In 
Operationa!-tn 


METERING CONTROLS DATA-OUT 


Data-Out is the response to Datatn. 

Data-Out indicates to a control unit that data on Bus-In 
was accepted by the channel or that the channel provided 
the requested data on Bus-Out. 

Data-Out is effective with selector/block-multiplexer 
channets only and is used along with the Service-In Tag 
line to increase data rates. 
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3145 CHANNELS--GENERAL DESCRIPTION 


For details, refer to “Channel (CHNL).” 


The Model 145 has two types of channels available: 
® Byte Multiplexer 


®@® Selector 
The selector channel optionally may have the block- 
multiplexer feature attached. 


Channels on the Model 145 are integrated in the CPU and 
share CPU cycles for 1/O operations. 


STANDARD FEATURES 

@ Byte multiplexer channei 

®@ Selector channel 1 (Channel 2 if the !FA is present) 
@ Channet retry 


OPTIONAL FEATURES 


®@ Selector channels 2-4 (only selector channel 3 if [FA is present). 
@ Block-multipiexer feature. 


® Integrated File Adapter for 2319 DSF. (Displaces Channels 1 
and 4.) 


@ Channel-to-Channel Adapter. 


BYTE-MULTIPLEXER CHANNEL 
Functionally is equivalent to the System/360 multiplexer channel, 
Data transfer is on a byte basis only. 


UCWs (Unit Control! Words) are provided for subchannels 
in control storage. Each UCW is contained in four words 
(16 bytes). 


@ UCWs provide a place to store channel register data between 
data transfers, thus allowing multiplexing of data. 


®@ A maximum of 256 subchannels is available on the Model 145, 


@ 16 UCWs are standard on the Model 145. 
A shared UCW can be shared by up to 16 devices, of which 
only one can operate at a time. 
A non-shared UCW can be used by one device only, 


Thus, with 16 UCWs, if 8 are shared and 8 non-shared, a 
total of 136 1/0 devices can be attached, 


Up to eight control units can be attached per channel. 


® Configurations of 32, 64, 128, or 256 subchannels are 
available. ‘The number of subchannels must be specified so 
that the proper amount of control storage may be allocated 
and written on the console file, 
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Data Rates 


@ Aggregate data rate in byte mode is 50 kb. Note that the 
selector channels and IFA can interfere with the byte 
multiplexer channel, 


® Burst mode data rate is 180 kb. 


SELECTOR CHANNELS 


The 3145 has one selector channel as standard, Up to three 

more may be attached as an optional feature. DASD devices 
without command retry feature should not be attached to 
channel 4, 

® Functionally is equivalent to the System/360 selector channel, 


@ If the IFA is installed, only channels 2 and 3 can be installed. — 
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Data Transfer 


Data is transferred one byte at a time unless the optional word 
buffer feature is installed on the channel, 


@ A four-byte buffer is provided for each channel if the 
feature is installed, 


@ The word buffer feature allows fewer accesses to main 
storage to be made while transferring data from the 
selector channels and increases channel data rates, 


®@ A one-byte operation requires 585 nanoseconds; a one- 
byte fetch operation requires 517.5 nanoseconds, The 
word buffer feature allows four bytes to be transferred 
rather thar one. , 


@ The word buffer is required if the 2305 is attached. 
This buffer is recommended if the 3330 is attached. ~ 
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Data Rates 
®@ Single Channel 


without word buffer .82 megabytes . 

with word buffer 1.85 megabytes 
@ Aggregate data rate 

without word buffer 1.5 megabytes 

with word buffer 5.0 megabytes 


“eS 


INTR 16 








3 
% 
4 


onvdetaatl 


BLOCK-MULTIPLEXER"FEATURE 


The block-multiplexer feature may be installed on the selector 
channels as an optional feature. : 

It is required if the 3330 and 2305 are attached. 

The selector channef operates.as a block-multiplexer channel 
when the mode bit in the control register is set on.-. 

A maximum of 512 UCWs is provided when thé block- 
multiplexer feature is installed. These UCWs provide a pool that 
may be assigned to devices. Each UCW is contained in two words. 


@ UCWs may be shared or non-shared 
® UCWs are contained in control storage 


@ Shared UCWs must be determined and assigned device 
addresses, 


® Non-shared UCWs are dynamically assigned in blocks of 
eight to devices at start 1/0 time. If no UCWs are avail- 
able, a not-operational-condition code is returned. 


@ UCWs are provided in control storage in increments of 
16 UCWs, Each increment contains two groups of 8 UCWs. 


Block Multiplexing 


Block multiplexing allows the channel to disconnect a device at 
channe-end time, During the interval between channel-end and 
device-end, another device on the channel could be started or 
could complete data transfer for a previously started operation. 
Thus, a block-muitiplexer channel can multiplex blocks of data 
from different devices giving a much greater effective data rate 
than a selector channel. wht 

Block multiplexing occurs only if a control unit presents 
channe-end and not device-end during command chaining, 
“and the channel is in block MPX mode, 

The block-multipiexer channel can operate as a selector 
- channel! so that existing System/360 channet programs can 
run unchanged. , 


e° 


Block-Multiplexer Operation 


Because the channel is busy only during the time when data is 
‘actually being transferred, several channel programs can be 
executed concurrently by sharing the channel hardware. This 
is called “Channel Multiprogramming.”” 


. The sequence of events in channel multiprogramming is: 


Acchannel program controlling a device is started by the 
channel and remains active unti! the device signals that it 
has no need for the channel path at that stage of its 
operation. ; 


The channel disconnects the channel program and stores 
all information needed to restart the program in UCWs 
that are in control storage, 


The channel can start another channel program at this 
point if one is ready. 


Upon receipt of a signat from the previously disconnected 
device indicating that it is ready to use the channel data 
path again, the channet restarts the appropriate channel 
program, 


The process is repeated for all active devices until each 
one is completely serviced. 


\f a channel is busy when a device reconnection is 
requested, the device must wait until the channel becomes 
available, 


To facilitate channel scheduling, a new channel available 
interrupt has been defined for the block-multiplexer 
channel, 


At disconnect time for a channel program, the channel is 
available for the resumption of an uncompleted channel 
Program or the initiation of a new one, A channel available 
interrupt occurs at disconnect time if any 1/O command was 
issued previously while the channel was busy. 


IWVEGRATED FILE ADAPTER 


@ The Integrated File Adapter (1FA) feature connects three 
to eight 2314-type disk drives to the System/370 Model 145. 


@ The IFA feature is assigned exclusive use of the channel-1 
address and functions as both channel and contro! unit for 
the files, 


®@ Data transfer takes place one byte at a time on a share-cycle 
basis the same selector channels. 


@ The initiation of operations and each step of the file sequence 
requires the CPU controls and microprogramming. 


The primary control for the IFA is contained in the CPU, 
where it can make use of the CPU hardware and microprogram 
for operation, The 2319-A1 contains the read clocking circuits, 
the write oscillator, and the storage module switching for up to 
eight files. The disk storage drives operate the same as the 2314 
system connected to a selector channel. The record format is 
identical, and the operation requires the same programming 
systems. 

The IFA control-unit operation is initiated as a channel 
operation using the 1/0 instructions and channel commands. 
Primary control information for the file operation is stored 
in the CPU. Operating commands are processed by micro- 
programs stored in the CPU. The microprogram starts the 
operation by developing the appropriate information for a 
portion of the sequence.and issues a mini-op to the control-unit 
hardware, While the hardware is performing the mini-op, the 
microprogram stores a link address and returns to CPU operation, 
When the hardware finishes that portion of the sequence, it 
requests a trap to return to the microprogram link address to 
continue the operation. To complete a command, an operation 
may require several of these transfers between the microprogram 
and hardware, : 

Data movement during the hardware control period is per- 
formed by requesting a sefector-channel share cycte for each byte. 
The CPU or other channel operations can use the CPU hardware 
and microprogram for other operations when time is not 
required by the IFA controls either for setup or data transfer. 
The file operation should never overrun during normal operation 
because of the assigned priorities. 

For details on the IFA, refer to “Integrated File Adapter (IFA). 
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SPTL 


The SPTL word is a special external register that has a word 
address of 04, a 


Addressed directly by control-word bits. 
Has special data path to A- arid B-register inputs. 
Only external that can be used as a B-source. 


Only facility (other than the H-Reg) that is destined in the 
same cycle, ; 


@ Set by I-cycle controls during !-cycles. 


Composed of four byte registers: S, P, T, and L. 





S-Register: holds the status of 


arithmetic and logical results; Used with P-high bits to 





“t eontrols some arithmetic form indirect local-storage 
functioné addresses, 
Base address registers for 
local-storage and external 
addressing. 
Is expanded 
nathan Used with special branch 
sadtewina functions, shifting, storing, 


and indirect-byte addressing, 








x 

Re 
Pa 
a 
oe 


tonase paorter 
wace 





am 
ty 


ted 
STORAGE PROTECT 


N Uf0tm: common N 


LE 











seifwieawnil Nadie 


AE bite awa, 





4 
2 
“3 


Apeerey 


acnonnc 
Fmt sO 





Note: For details concerning how SPTL affects control-word 
operations and addressing, see the Microprogram (MIC} section, 
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S-REGISTER © 


Indicates true or 

complement add. 
Status sez for 
arithmetic words. 


Status set for storage 
and arithmetic words. 


S-register bits are used primarily to indicate the results of ALU 
Operations or to specify how certain ALU operations are to be 
performed. 

Branch fieids in the control words can be set to specify branch 
testing of S-register bits. The results of the branch testing are used 
to determine a portion of the next control-word address. There- 
fore, a control-word sequence can be modified according to ALU 
results, For example, the following is frequently used in micro- 
program routines. ; 


1. A controf word specifying an ALU operation calls out set/ 
reset of specific S-register bits, depending upon the ALU 
result. : 

2. A subsequent control word specifies branching on the same 
S-register bits. . 

Note: lf the S-register is set with a control word and this same 

control word is branching on S-bits, the branch test is made ona 

previous S-register setting and not on the result of the current 
control-word operation. 

3. The contro! word branched-to continues the microprogram 
sequence required by the ALU result. 


. +. The S-register can also be used as a general-purpose data 
register. For example, a control word can cause the S-register 
to be loaded with a byte for use in operations with subsequent 
control-word operations such that none of the following descrip- 
tions apply. Such use of the S-register is determined by the 
microprogrammer. The following listed S-register bit functions 
are not automatically performed. Any function must be 
explicitly specified in the control word for which the function 
is desired. 

The data from the S-register is used in the M-register for 
branching. 
Note. The duplicate S-registers are designated S-register 
A and B, respectively. The data from S-register B is displayable, 
and is gated to the A-register and B-register. 


Genera!-purpose status 


indicators for branching. 


Status set for 
arithmetic and storage words. 


Normally set to the value of 
the high-order carry during 
an arithmetic operation. 


’ $0 


The setting of SO determines whether a true or complement add - 
is to be performed in the ALU(s) when either a binary or decimal 
add is specified by the contro! word. 


SO Value Specifies 
0 True add 
1 Complement add 


The true/comptement circuitry affects only the B-input (from 
the B-register or the K-assembler) to the ALU(s). The A-register 
input is always presented to the ALU(s) in true form, regardless 
of the value of SO: 

In arithmetic word (type 10) shift operations, the value of SO is 
shifted into the four high bits of the result word (shifted right) 
when the shift field of the arithmetic word specifies (SR4, SO). 


The bits (4-7) shifted out of the source-word byte 3 are set into 
T-register bits 0 through 3, respectively. 


$1 





: oe 
1. In decimal operations, $1 is set to 1 if an invalid decimal digit 
is detected in the A or B inputs to the ALU, S1 is not changed 
if the decimal digits are all valid. A decimal digit greater than 
1001 (binary) is invalid. The test on the inputs is made 
before the original decimal data is binarily added in ALU3; 
no such test is made on decimal data when it is being sent to 
ALU3 on a +6 correction cycle. ‘ 

{n order for $1 to function in this manner, the arithmetic 
control word (type 10) must specify both decimal addition 
(C, D+-, C), and the $12 status set. 

2. In binary operations, $1 is set to the value of the carry-out 
of: 
a. Bit 1 in single-type ALU operations, 
b. Bit 1 of byte 0 in fullword ALU operations. 
The control word must specify the $12 status set, along with 


the appropriate binary ALU operation, in order for $1 to | 
function in either of these two ways. 
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$2 

1, In byte operations, S2 is set to 1 if the Z-bus (ALU result 
byte 3) is not zero (Z0). If the Z-bus is zero $2 is not 
changed from its prior setting. The arithmetic control word 
calling for the byte operation must specify the $12 status | 
set in order for the S2 bit to function in this manner. 
In fullword binary operations, $2 is set to 1 if the entire 32- 
bit result is nonzero. $2 is not changed if the 32-bit result is 
zero, A status set of $12 must be specified in the arithmetic 
control word (calling for the fullword operation) in order for 
$2 to function in this manner. 


XN 


3. In fullword binary operation, $2 is set to 1 if: 


a. A 224 status set is specified, and ; 

b. The low-order 24 bits (ALU result bytes 1, 2, and 3} are 
nonzero. If the low-order 24 bits are all zero, S2 is not 
changed. 

4. When an S2 status set is specified in a storage word, S2 is set 

to 1 if the count field is not zero after the count is decremented; 

$2 is set to 0 if the count field is zero after decrementing. The 

decrement-count function is specified in the storage word to 
effect the following actions: ; 

a. The 24-bit address, in bytes 1, 2 and 3 of the even word (of 

_ aneven/odd pair of local-storage words}, is updated, 

b.. The count field (low-order 16 bits of the odd word of the 
pair) is decremented. 

c. §2 is set according to the low-order 16-bit result of step b. 

Note that the count value is updated by circuitry and that $2 is 
set/reset if the S2 status set is specified even /f decrement count is 
not specified. In this case, however, the updated count value is not 
stored back into the count location. 


$3 


S3 is set to the value of the carry-out of bit-0 of the ALU opera- 
tion, This function is used in both byte and word operations. THe’ 
arithmetic operation field must contain a bit configuration - 
designated by a statment that contains a-C at the left, in order 

for $3 to function in this manner. For example, in the statement: 


$so=0 

c+0 
the C specifies that S3 is to be set/reset. 

in fullword arithmetic operations, S3 is set to the carry-out of: 
a. Bit 0 of byte 0 if an. $12 or no status set is specified. 
b. Bit 0 of byte 1 if a Z24 status set is specified. 

$3 is not set/reset in storage-word address and count updates. 


S4 and S5 


in arithmetic words (types 10 and 11) that specify a status set of _ 
$45, S4 and S5 are set/reset according to the bit values of the ALU 
result byte as follows: 


Bit Value Indicates Result Byte Bits 


S4 0 0-3 not equal to 0000 
$4 1 0-3 = 0000 
$5 0 4-7 not equal to 0000 
$5 1 4-7 = 0000 
If a Z6 status set is specified: 
Bit Value Indicates Result Byte Bits 
$4 0 0-5 not equal to 000000 
$4 1 0-5 = 000000 
$5 0 4-7 not equal to 0000 
S5 1 4-7 = 0000 


The S45 and Z6 status sets can be specified in an arithmetic word, 
only if a single-byte ALU operation is called for; S45 and Z6 do 
not pertain to.fullword arithmetic operations. 

In storage-word operations, S4 and S5 functions are the same as 
in the arithmetic words and are specified in the same manner (S45 
and 26). S4 and S5 are set according to the value of the low-order 
byte of the count field after the count has been decremented. 

The count is in bytes 2 and 3 of the odd word of an even-odd pair 
of local-storage words. The address is in bytes 1, 2, and 3 of the 
even-word location. 

In an arithmetic word (type 10) that specifies an AB CK byte 
operation: S4 is set to 1 if a parity-check error is detected on 
the A input to the ALU(s). 

Note: \f an J24 status set is specified in a type 10 arithmetic 

word, no S-register bit setting occurs, regardless of any other 

specified status set. For example, if the operation specified is: 
$0=0 

C+0 
and 124 is also specified, then S3 and SO are not changed even 
though the operation field calts for such set/reset functions. 
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P-REGISTER 


* oe 
; Used with C1 or C2 
Used with L-Reg bits bits to form direct 
to farm indirect tocal- tocal-storage addresses. 
storage-word addresses. , 


Used with C1 bits to form 


= 1 indi 
eiteral acility-edd P3 indicates external 


addressing if C1 bit 0 = 1. 


“Used for expanded 
tocal-storage control. 


The primary function of the P-register is to provide a base address 
during l!ocal-storage or external-register addressing. That is, the 
P-register is used to point to groups of external registers or areas 
of locat storage; the remainder of the external/local-storage ad- 
dress is specified by the outputs of the C-register. In some cases, 
the L- and/or T-register contents are used to determine portions 
of the address. 


T REGISTER 








Bits 0 and 1 are gated to 


bits 2 and 3 of M3 


during the next control- 


word address setup for 
special module-switch 
function of the branch 
word. 


The T-register is used in a variety of ways: 


Used as a mask fora 
store-word function. 
Used to hold tow-order 
hex digit shifted out 
during arithmetic word 
shift-right function. 
May be used as digit 
shifted into the high- 
order position of a 
tight shifted resuit. 


Used as a byte pointer 


for the B-source during - 


arithmetic word using 
indirect-byte addressing. 
Usually set by a special 
function of a storage 
word read operation. 


Used as a byte pointer 
for the A-source during 
arithmetic word using 
indirect byte addres-'ng. 
Usually set by a spe. si 
function of a storage 
word read operation. 


1. Bits 4 and 5 and/or 6 and 7 are used in indirect-byte 
addressing and branching operations. 

2. Bits 0 and 1 are used to form a portion of the next- 
control-word address when a module-switching operation is 
specified in the branch word. 

3. Bits O through 3 are used in arithmetic fullword 


shift operations. 


4. In certain storage-word read operations, bits 4 and 5 or 
6 and 7 are set to the value of the two low-order storage- 
address bits before the address is updated. ; 
5. In certain storage-word store operaiions, bits 0 through 3 
are used to specify which bytes of a source are to be stored 
and what constant, if any, is to be used to update the 


storage address. 
6. May be used as a 


working register. 


SPTL 
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L-REGISTER. 





Used with high-order _ Used with high-order 

bits of the P-register bits of the P-register 

to form indirect address to form indirect 

of local-storage register address of local-storage 

containing first operand. : register containing 
second operand. 


The primary purpose of the L-register is to hold the addresses of 

_ the general or floating-point registers, all of which are in local 
storage. The address of a general register can be specified by LO 
through L3 or 4 through L7. For example, LO-3=0111 can 
specify general register 7. Note, however, that while this address 
corresponds to the hexadecimal address of general register 7, that 
registers address in local storage is determined by C, P, and L- 
register bits when the L-register is used in the addressing. 


The address of a floating-point register is usually specified by ; ’ 
LO-3 only (not 4-7). 


. The L-register may be used as a working register. 
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SDBO PRE—ASM, ASM 


e The Storage Data Bus-Out (SOBO) preassembler receives 
a doubleword of data from internal or external storage. 


@ The output of the SOBO preassembler is gated by M3 bits 
5, 6, and 7 to provide word, halfword, or byte selection, 


@ The SBDO assembler receives inputs from the SDBO 
preassembler, the storage-protect stack, and the D-register. 
The assembler provides an output that is used as data for 
External! Bus-!n (EB!) and local storage. 


The selection of data fed to the SDBO assembler is 
accomplished by decoding M3 bits 5, 6, and 7, The decode 
of the M3 bits causes corresponding gating lines to be 
activated, which cause data from the SDBO preassembler to 
be routed to the SDBO assembler. 






Ce 
bts FO Even word bytes 0-3 
| 1 | 


| 1} Odd word bytes47 | 
ae Fo evn twos ber 
BAT [0 | Evenbytes0,2 | 
ca 







Read Word 
Word Setected Word, Hatfword, sps0 
by bit 5 _ Byte Selection Assembler 


0 | 
a LS/EXT 
EB 








avon 6 


f} cocat 
Les. Need ef aTORAOE 


aot eee ht ghee 






. 
2 PT Seanate 
LOCA) STOMAGE 
iaiaiale 
vy a 
2 F Tava 
Orcas 
a 


INRA 
STORAGE PRONEEY 






ete ey rr tear ts mercies 


SS, 


Read Halfword, M3 bit 6=0 Read Halfword, M3 bit 6=1 


4 a A To pesentiea! _q f fA To Bytes 2 and 3 * 


LS/EXT 











sane pies | piven 


REGISTER i | mcrae 
ia eas serum age 


Seales. Boe Niwa anced tn water Sanne ata St de, CaN Newent atl ER igs aati Baan SBS eo oe ai alah od Sct! 2D oe nencne le Alariahsbe en 


SDBO PRE-ASM, ASM cpus 











Read Byte 


TBH. re 


M3 bit 6,7=00, Byte 0 to X 
M3 bit 6,7=01, Byte 1 to X 


_M3 bit 6,7=10, Byte 2 to X 


M3 bit 6,7=11, Byte 3 to X 


SDBO en ee UNIT DATA FLOW 


2 


INTERNAL : PRE-ASM 
SDBO Bytes 0-7 





















Gate SDBO 
| M3 
Bytes 0-3 & Bit 


Bit 5 Setect Even Data 
$Q203 - $302 


Gate Interna! Storage 


Bytes 4-7 


RC113 — RC193 


External SOBO Bytes 0-7 


Store-2 Cycle 
1-Time ; 
O-Time 
(Not) SDBO Gate 


Time Oly 


Next Control! 
Word Cycle 


Store-2 Cycle 
O-T VT 2-T 


Store-1 Cycle 
OT 1-7 27 

























oT 17 «2T J oT 











D-Register women ie 


Gate D-Reg through SOBO Asm 


SD8O Data 


register. 
. SOBO Preasm Latches 





Gate SOBO 

Local Storage Gating 
Destine prev cycle ee fas S Destine count 
Destine address Store data 


SDBO Gating 









_ The bytes in the shaded 
area are gated but are 














w 

~- not used at the output. 

x 

: SDBO Asm 

0 

- ALS 

1 

_ RA115 - RA166 D-Reg on) wie 
Gate D-Reg through SOBO Asm 

2 

= £6! 

3 , 
MS115 Protect Stack x 

= Seria hi as 

RC114-RC194 St St Fit tirouah SOEO sm RC114—RAC194 


The two-word SDBO preassembier latches retain the storage 
entry for use during the cycle. 

M3 bit 5 of the storage address defines which word of the 
storage access is to be gated to the SDBO assembler. 

For a word-mode operation, the fullword is gated to the 
assembler when the gate SDBO line is raised. 

For a halfword-mode operation, the upper or lower halfword; 
depending on M3 bit 6, is gated to bytes 2 and 3. input bytes 0 
and 1 continue to gate to output bytes 0 and 1. 

For byte-mode operation, the byte defined by M3 bits 6 and 7 
is gated to byte 3. The remaining input bytes are gated to their 
respective output positions. 

The protect stack readout is gated to the SDBO assembler 
byte 3 during the ISK instruction to allow transfer to a GP- 


The four-byte output of the D-register is gated to the 
respective outputs of the SDBO assembler when neither the 
gate SDBO line nor the gate st prot line are active. 
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LOCAL STORAGE 


® Local Storage (LS) consists of two monolithic stacks of 64 words 
each {(A-LS and 8-LS), 


®@ Destined data is written into both A- and B-LS so that both stacks 
contain the same information at any corresponding address. This 
permits comparison checking of LS data. 


® LS is used by the microprogram as a high-speed buffer. Access 
time is 24 nanoseconds, 


@ Readout is nondestructive. 
Address range within each stack is 00 to 3F (Hex). 


@ Addressing is accomplished with combinations of control-word bits, 


P-egister bits, L-register bits, T-register bits, selector-channel 
_ share-cycle forced bits, and console-file command-register bits. 


LS has assigned locations for specified functions. Refer to “Local 
Storage Map (370 Microprogram in Contral Storage)."” Locations 
included are: 
16 general registers 
4 floating-point registers 
Selector-channe! work area 
CPU work area 
These locations are valid when the 370 microprogram is located in 
control storage. When diagnostics are running, another set of LS 
assignments is in effect. 
LS is external to main and control storage. Each 64-word stack is 
located on two MST cards: . 


Bytes Card Location 
A-LS Oand1. A-B4P2 

2and 3 A-B4M2 
B-LS Oand 1 A-C4B2 

2 and 3 A-C4C2 


Note: Do not remove or replace LS array cards with power on. 


LOCAL STORAGE OPERATION 
Read 

_@ Ejther or both A-LS and B-LS can be accessed in one cycte. 
© Data from A-LS is gated to the A-register. . 
®@ Data from B-LS is gated to the B-register, 
@ A-LS and B-LS sources can be different addresses. 


Write/Read 

@ Data destined to LS always is written into both A- and B-LS. 

‘e Data destined during any cyele is written during the next 
cycle. 


@ Awrite LS is always followed by.a read LS. The read LS 
data is used for flush-through checking and A- and B-LS 
comparing. 


DATA CHECKING 


Flush-Through Check (FTC) 


Data destined to local storage as a result of some control-word 
operation, other than a storage word read, is gated from the © 
D-register through the SDBO assembler to tocal storage. The 
data in the D-register is compared with the data from the 
A-LS address that was the destination. If the compare is not 
equal, bit 2 of MCKA 1 sets to indicate an FTC error. 


A and B Local! Storage Compare 


Data destined to local storage is stored at corresponding addresses 
in both local-storage stacks, The data is then read from these 
addresses and compared. if the compare Is not equal, bit 1 of 
MCKA 1 sets to indicate the error. 






MCKAT, Bit 1 





Latches 


* MCKAI, 
Bit2 


LOCAL STORAGE TIMING 


0-Time 1-Time 


| 0-Time Delayed 1-Time j 


Delayed 


wi 





re LS Compare 


Write/Read, FTC, and A/B-LS compare occur during the cycle 
following the contro!-word cycle that the data was destined. 


(Write) LS Bit Gate 


abe STORAGE CPU 10 
mec cercnecnn cr ge RR om 








Sense Amp Lth 






LS Data 


SDBO Asm (Data-in} 






Y 
Orivers 
(8) 






(Read) LS Set Byte 


LOCAL STORAGE Rarion ADDRESSING 


The type/form of the control word:selects the source address 4°. 


(A or B) that is used for the destination address. 


1. During fast gate, decoded source addresses are stored in 
the A and B buffers. EY 


2. At the beginning of slow gate, the previous control-word 
destination address is gated from the A and B destination 
address latches to the address decoders. EJ : 


3. The data destined during the previous cycle is written. 


4. The buffer (A or B) selected by the word type/form is 
gated to both the A and B destination address latches. Bd 


5. At slow gate of the next cycle, this address is gated to the 
_ address decoders for destination write/read. EJ 


‘Destination Look-Ahead 


A new source address may be the same local-storage address 

as the previous destination address. When this condition occurs, 
the destined data in the Z-register is not stored into local storage 

in time to be accessed by the following control word as source 
data. Destination look ahead detects this condition by comparing 
A and B new source addresses with the previous destination 
address. An unequa! compare (previous destination not new source) 
gates the new source data from local storage to the A- or B-register. 
_An equal compare (previous destination /s new source) gates the 
new source data directly from the Z-register to the A- or B-register. 
This compare is done ona byte basis. , 


¥ 








LOCAL STORAGE ADDRESSING : } 
Force Selector Channel ; ; 
: 
Cons, File Command Reg Bits 2-7 Source/Destine 
Pre eee ee ee et 


Secondary Controt Asm 


1D Set A/B Dest, Addr Lths 


a) 







Fast Gate 

Set A/B Buffers 

Read A/B-LS 

Set A/B-Regis:-» ; 
Stow Gate 

Gate Dest. Addr. Lths 
Write/Read 


B Compare Unequal 
ACompare = equat 
A Compare Equal 





P-Reg L-Reg 
peor 


Destine F 
an | a SDBO ASM 


H 
bo | 


B-LOCAL 
STORAGE 


: ‘ oe i aaa 
Destine KR Comp 
Cane nnn Simone et 
’ Source % ¢ 
B eM 
Dest | Decode G € Gate 8-LS or 2-Reg to B-Reg 
. S$ 


%, 
con 


aHINNES 














LS Control 
Assembler 





AandB 
Locat 

Storage 
Compare 


THA HASASUOUATHTO HU USHTHEAUAEASAENTOA GA ESOATON AMEN FON LEST Look LH 
Ahead | a £, 
Decode oncrnanang ff nee 


s % 2 
Ki, = 
= 





MCKAT Bit 1 (error) 


Destine Ss 


ATT AMEN NAN el: Gate A-LS or 2-Reg to A-Reg 






RHVPEEHERUGHRUEIEAGEOO EE eeA EAE = AE TL RUE TTT 






% 
LA021 G Gg" 
A033 < ar 
LANE Source | A Destine 3” 
AQT gg ey RUAN AUR Dest 
LA125 = Addr juin Back-up and Retry Regs 
BH 
P-Reg L-Re = Source/Destine SDBO ASM 
sd 8 aK TE eR 
M3 (05) (See externel facilities CPURTY word) 
Force Selector Channel era en? | , 
0-Time 1-Time 0-Time 1-Time 0-Time 1-Time 
1-Time 
| 0-Time Delay " 1-Time Delay _ 0-Time Delay 1-Time Delay 0-Time Delay | Delay 
Qc=Q+Y RC=R+Y RC=R+Q 
a 
Q Y R Y R Qa 








Prev. Dest. Q R 
a 
Q R R 
B-LS to B-Reg ; B-LS to B-Reg B-LS to B-Reg 
A-LS to A-Reg A-LS to A-Reg 


———__ 
Z-Reg to A-Reg 
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LOCAL STORAGE CPU 12 
A-LOCAL STORAGE UNIT DATA FLOW : 









* ‘ - ‘ ¥ 
CIRCUIT CARD : ALD 
FAST DECODE ' C4F2,C4N2,C4M2 LA011-LA018,LA021,LA111-LA117 O-Time 1-Time 
Dest BFR LATCHES 287 cae . LAzz2 Read Sou gla ined Previous eaenion” 
DEST ADDR LATCHES 2,3,4 c4G4 LA212 ead Source die 
DEST ADDR LATCHES 5,6,? C44 LA222 
SLOW X ASSEMBLER C4G4 LA211 Oest Bfr Latches - 
SLOW Y ASSEMBLER C4J4 LA221 - 
X DECODE : C4F2 LA015-LA016 
Y¥ DECODE : C4M2 LA114 Dest Addr Latches 
X CHECK C4G4 LA212 
Y CHECK . C434 LA222 5 
MONO BUFFER : B4P2,B4M2 LA311,LA327 : 
Note: For local-storage card-swapping technique, refer to the Reference | 


{REF) section. 
. X-CHECK 








Set MCKAO bit 0 (During Source Access). 
Set MCKAO bit 2 (During Destination Access) 










LOCAL STORAGE A 
CONTROL ASM 


SLOW X 
ASSEMBLER 


X-DECODE 








B-Local Storage Bir. Latches 2-4 









M3 Bits 0-2 
Switch G bit 0, Switch F bits 2,3 


SDBO 0 Bits 0-2 









SDBO 4 Bits 0-2 re | 


Sec. Ctrl. Asm. 0 Bits 0-2 Force X or Y check 












To Aand 8 
Local Storage 
Compare 


DEST BFR DEST ADDR 
LATCHES LATCHES 







FAST 
DECODE 








SDBO 1 Bits 0-6 
COMPARE 








SDBO 5 Bits 0-6 







Gate Z-Register to A-Register To A-Register 


{Byte Compare) Block A-LS 






P-Reg Bits 1,2,5,6,7 


Sec. Ctrl. Asm. 1 Bits 0-6 
. L-Reg Bits 0,4 








-_ 
NOOAWN =O TD 





DEST BFR DEST ADDR 


_ SDBO 2 Bits 0-3 LATCHES LATCHES 






SDBO 6 Bits 0-3 


Sec. Ctrl. Asm. 2 Bits 0-3 . Set MCKA1 


M3 Bits 3-5 bit2. 












B-Local Storage Bfr. Latches 5-7. Switch G bits 1-3 






SLOW Y 
ASSEMBLER 






Y-DECODE Set MCKAO bit 0 (During Source Access) 
Set MCKAO bit 2 (During Destination Access) 


Y-CHECK 


By LOCAL-STORAGE CONTROL ASSEMBLER 8 DIAGNOSTIC FUNCTION: . 
A control word read from contro! storage (on the SOBO), or With DIAGO bit § on, and RTY backup Asm DIAGNOSTIC FUNCTION: : 
mbled in the secondary contro! bler, is gated to th byte'0 bit 5 off, an extra X-line is forced up to Seen ; : 4 
Hat in condary control assem is gated to the yte 0 bit 5 off, an Pp With DIAGO bit 4 or § on, and RTY backup |B X- and Y-CHECKS 
local-storage control assembter. tn: the local-storage contro! cause an X-check. Asm byte 3 bit 6 off, the Storing of data into . The X- and Y-checks tests to de 
assembler, the word type is identified to specify the type of With D1AGO bit 5 on, and RTY backup Asm ee A local storage is blocked. This causes both a : ei eG are to determine 
addressing needed. byte 0 bit 6 off, an extra Y-line is forced up to flush-through check and an A- and B-local store oe er if at feast one, but not more than 


Gildea Vchock: / \ compare error, one, X- and Y-line is active at a time. 


A-LOCAL STORAGE Sites ASSEMBLY 












3° : INDIRECT ADDRESSING 
FAST aside 
: DECODE DECODE 
A-SOURCE DIRECT ADDRESS USING L HIGH (LH) P-Reg bits 1, 2 2 
P-Reg bits 5, 6,7 —_ i x 
When the A-source is catled for by its symbolic name, or the Two symbols in the microprogram language call for indirect ‘ 4 
actual address, is used, bit 0 of byte 1 of the control word is 0 : word addressing. The symbol LH calls for focal-storage addressing. aa, 
to flag direct addressing. Bits 1, 2, and 3 of byte 1 of the * LS Ctrl Asm 1 bits 1, 2,3 The high bits of the L-register and bits 1 and 2 of the P-register L-Reg bits 0-3 5 Y 
contro! word form the Y-line, and bits 5, 6, and 7 of the P-Reg : form the X- and Y-lines, 6 
form the X-line. . 7 
FAST 
USING L LOW (LL) DECODE 
P-Reg bits 1,2 
The symbol LL calls for local-storage addressing. The low —_——— x 
bits of the L-register and bits 1 and 2 of the P-register form 
the X- and Y-lines. 
L-Reg bits 4-7 Y 
A-SOQURCE DIRECT ADDRESS | . 
(X- ard Y- Lines carried in contro! word) FAST 
DECODE 
Two contro! words have the capability of carrying the X- and 
¥-lines in the bit structure of the control word. The Branch and ; US Ct Aan U bits 4,5,'6 
Link or Return word carries the X- and Y-lines of the tink register 
in bits 1-6 of byte 1. The word-move word carries the X- and Y-lines 2 
of the source or destination in byte 1. : ie Cut 1 bits 1, 2,3 
b 
' 
SLOW X , SLOW Xx 
ASSEMBLER ASSEMBLER 
. Switch G bitO__ s 
LCSC MODE . M3 bits 0-2 x ADDRESSING FROM CONSOLE Switch F bits 2, 3 
A special diagnostic function called LSCS (Local-Storage Local storage is also accessible from the operator’s 
Control Storage) mode causes contro! words located in local . console, The X-line is formed fram bits 2 and 3 of 
storage to be read out and executed, The X- and Y-lines of 3 Switch F and bit O of switch G. The Y-line is formed 
the control word to be executed are formed from bits 0-5 : ; SLOW Y from bits 1-3 of switch G. SLOW Y 
of the M3-register, which is set up by the last word executed. ASSEMBLER ; ASSEMBLER 
Any of the other ways of addressing local storage may be k 
used for data accesses during the execution of the contro! M3 bits 3-5 Yy Switch G bits 1-3 ¥ 
words read from local storage. For additional information 


about LSCS mode, refer to the Diagnostic Functions (DIAG) 
section under the heading “Basic Tests.” 
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LOCAL STORAGE CPU 14 
B-LOCAL STORAGE UNIT DATA FLOW 




























CIRCUIT CARD ALD 
FAST DECODE C4F2,CAN2,C4H2 LAO11-LA018,LA021,LA121-LA127 
. DEST BFR LATCHES2,3,4 C4G2 1A232° 
DEST BFR LATCHES 5,6,7. -C4J2 LA242 
DEST ADDR LATCHES 2,34 C4G2 LA232 . 
SLOW X ASSEMBLER C4G2 LA231 0-Time 1-Time 
SLOW Y ASSEMBLER CAJ2 LA241 ¢ : 
COMPARE C4N2,C4L2 LA022-LA024,LA031-LA032 roe ED es Moh aise! Waren 
X-DECODE C4F2 1A017-LA018 Fee 
Y-DECODE Cane ee “ Dest Bfr Latches ' 
X-CHECK 
Y-CHECK ee eee ; Gate Stow Path 
Dest Addr Latche¢ 
X-CHECK : 
Set MCKAO bit 1 (During Source Access} 
Set MCKAO bit 3 (During Destination Access} 
SLOW X 
LOCAL STORAGE 






ASSEMBLER 
CONTROL ASM. 






Console-Fite Command 
Reg bits 2-4 
Switch G bit 0, Switch F bits 2,3 


A-Local Storage Bfr Latches 2-4 
SDBO 0 Bits 0-2 





Force LS X or ¥ ck 


SDBO 4 Bits 0-2 






SEC. Ctri. Asm. 0 Bits 0-2 










DEST BFR 
.LATCHES eee 


B-LOCAL STORAGE 


SDBO 1 Bits 0-6 COMPARE 







P-Reg Bits 1,2,5,6,7 


SDBO 5 Bits 0-6 L-Reg Bits 0,4 











Gate Z-Register to B-Register SOBO ASM 
(Byte Compare} 





Sec. Ctrl. Asm. 1 Bits 0-6 






SDBO 2 Bits 0-3 LATCHES LATCHES 














XOR 
MATCH 
SDBO 6 Bits 0-3 


Switch G bits 1-3 Set MCKA1 bit 1 


Sec. Ctrl. Asm. 2 Bits 0-3 A-Local Storage Data 


Force Count (Storage Word) 


Console File Command 
Reg. bits 5-7 


NM OUhWN=O D 








A-Local Storage Bfr Latches 5-7 






SLOW Y 
ASSEMBLER 






Set MCKAO bit 1 (During Source Access) 
Set MCKAO bit 3 (During Destination Access) 


Y-DECODE 


Y-CHECK 


A LOCAL-STORAGE CONTROL ASSEMBLER : 18 | DIAGNOSTIC FUNCTION 
A control word read from control storage on the SDBO or With DIAGO bit § on, and RTY backup Asm ani Vohecke . 
Ce ee a yey 0 Bie 6 Sty, Srrente: aioe ts forced 0p 80 The X- and Y-checks are tests to determine whether at least 
_ local-storage control assembier. tn the local-storage contro! cause an X-check. J ‘ sade e 
assembler, the fields that indicate the source accessing are With DIAGO bit 5 on, and RTY backup Asm one but not more than one X- and Y-line is active at a time. 
tested to determine the type of address formation needed byte 0 bit 6 off, an extra Y-line is forced up to 


e a Y-check. 
to address focal storage. cause a 


B-LOCAL STORAGE ADDRESS ASSEMBLY 


8—-SOURCE DIRECT ADDRESS 


When the B-source is called for by its symbolic name, or the 
actual address is used, bit 0 of byte 2 of the control word is 0 
to flag direct addressing. Bits 1, 2, and 3 of byte 2 of the controt 
word form the Y-line, and bits 5, 6, and 7 of the P-reg form the 
X-+tine. 


ADDRESSING FROM CONSOLE FILE 


Some console-file commands cause the control word 
currentiy in the C-register to be executed, The X-and . 
Y-lines that would normally be formed by control word 
bits are formed from bits 2-7 of the console-tile command 
register, 


FORCE COUNT ADDRESS 


When a storage word with the decrement count 
function is executed, an odd local storage address must 
be forced. The Y-line in effect, for addressing the source 
register, is assurned to be an even Y-lihe. The count to 
be accessed is in the next higher address; therefore, 
the next higher Y-tine is forced. 

For example: A storage word is addressing the GD 
register for selector-channe! 2 {see “Local Storage Map 
{370 Microprogram in Control Storage”). The X Y-lines 
tor GD are X4, YO. To access the count, Y1 is forced, 
and the GC register is addressed. 

The X-line remains the same for the count access. 


rt 


FAST 


DECODE 





P-Reg bits 5, 6, 7 


LS Ctrl Asm 2bits 1, 2,3 


SLOW X 
ASSEMBLER 


Console-File Command Reg bits 2-4 ey x 


SLOWY 






ASSEMBLER 






" Consote-File Command Reg Bits 5-7 


SLOW X 
ASSEMBLER 
x 
SLOW Y 
ASSEMBLER 
oecy 
Force Count (Storage word) .| 6 
—_——— 7 


INDIRECT ADDRESSING 
USING L HIGH (LH) 


‘Two symbols in the microprogram language call for indirect 
word addressing. The symbol LH calls for local-storage addressing, 
The high bits of the L-register and bits 1 and 2 of the P-register 
form the X- and Y-lines. 


USING L LOW (LL) 


The symbol LL caiis for tocal-storage addressing. The low 
bits of the L-register and bits 1 and 2 of the P-register form 
the X- and Y-lines. 


ADDRESSING FROM CONSOLE (B - LS) 


Local storage is iso accessible from the operator's console. 
The X-line is formed from bits 2 and 3 of switch F and bit 0 
of the switch G. The Y-ine is formed from bits 1-3 of switch 
G. 


FAST 
DECODE 
P-Reg bits 1, 2 2 Pe, 
{ 3 
; 4 
L-Reg bits 0-3 . a 
6 
7 
FAST 
DECODE 
P-Reg bits 1, 2 
ee x 
Reg bits 4-7 + 
SLOW X 
ASSEMBLER 
Switch G bit 0 
Seema areene nee | 
Switch F bits 2,3 Xx 
SLOWY 
ASSEMBLER 
Switch G bits 1-3 H v 
\ 
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LOCAL STORAGE CPU 16 


P high 
indirect 


P tow 
Owect 


LOCAL STORAGE MAP (370 MICROPROGRAM IN CONTROL STORAGE) 


















_ Plow =P high 
Ls Byte O Byte 2 Byte 3 Xand Y Direct — indirect 
aa a ca ea a sie md = ica 
P| 00 eral Reaieter 0X0 VO 
Po erat Register 0 
[02 Terra Register? Ss SSSSCdCO VO | 
88 ena Register 3X0 V3 aa 
pf oT Genera Registers | |x va 
[| os TT enerai Resistors dT SCdxO VS 
Pog enerai Resisters CCX vO | 
Po Terra Register 0-07 J 8x1 
a a Sr CT : 
| ee eC a a 
Poa oenerat Resists *d;CX v2 
[on Tcenerat Resists | dx | sx 4 
Pf [serena negiee x 
RN OS Sc ees Sees) 
Poe Teena Restore xt | 
[oF Fence Reiser Cd ve | 
fax [io Psat tempting PT x2 vo | 
[ora ateribispiay tog tink [xe vt 
fe a SS TT en Ree CNC 
roTx. | 13 1] Translate Link eo at KE VS 
Px Forcing ee SE ea 
[CS GS APs ERE (Te ae RON ES 6 
Py [te Working Cd Ve | ae eee COS 
Sa NE a ST ce ee Rae NS) 
ACT a SST Oe ae Dae eae en eee 
| BEC [| ais Rania Wing 32a 
Channel ux | tad id Working sid Cd aera BSS Ls eee La 
a AC OE RR ON AZ oe 
Par | i> | | Working | +d SSSSid— v8 
pMw eT Working TT x ves | Note: Words 28 through 2F are shown with selector channel designations. 
pex | wr feru [tink | Register| +d xa v7 | : 
BC 
Current PSW System Mask KEY Interrupt Code LC Program Mask Instruction Address 
Displayed in: | External 10 1 EXPLSSO =|, EXPLS53 j | EXP LS 53 | EXP LS53 EXP LS 50 \ 
Byte 0 | Byte 1 Byeo |! Byteo | Byte 0 | 
‘NOTE: The PSW can be manually displayed using 1 1 Bit 0,1 wt Bit 2,3 iS | Bits 4-7 | Bytes 1, 2,3 ! 
y the Console PR-KB. This procedure is ! ait Lc z | i 
: contained in CPK. ! Be orth a ! ! 
{ 1 ! - - | ' 
1 ! i 
u t 


ec. 


, 1 
| ! 
System Mask KEY oo! cc! Prog | oo0000000 
1 | Mask 
0) 7|8 1 16118 120 23'24 31 








Instruction Address 
40 63 





SCOPE PROCEDURE | paaee 


ADDRESSING . a”. 


_ Use Tektronix” Type 454, or equivalent 
10X Probes 

Set Time/Div: .05.us 

Set Channel 1 Voit/Div: 50 MV 

Set Channel 2 Voit/Div: 50 MV 


Store 385E6F C8 (using system console rotary switches A 
through H) in an unused location of control storage. This is a 
word-move word: Y¥ = LNK, SF, STOP 


Set the P-register = 02 


The word-move word is the version 1 type that carries the X- 
and Y-lines of the Source register in byte 1 of the control word. . 
The mask of F specifies that all four bytes of the source are to 
be moved to the destination register. The STOP function is active 


{bit 4 of byte 3 = 1); therefore, the word-move word is continually 


executed. 
After storing the word and setting the P-register, 
1. Dial the address uf the word-move word into switches E 
through H, 
2. Operate the control address set ciey: 
3. Operate the start key. 


Note: The manual indicator is on because the soft-stop condition 
is set by the STOP function of the word-move word. 


4. Sync with channel 1 on +0-time (gate A C4 E2 G05). 
With channel 2, scope the +A-LS ADOR Y EQUALS 5 line 
(C4 M2 J12). 


By altering the P-register setting, and the address bits in the 
word-move word, all the tocal-storage registers may be addressed, 


For example: 


Original word—385E6FC8  Statement—Y = LNK, SF, STOP 
Change word to—385E7FC8 Statement—OQ = LNK, SF, STOP 


Change P-register setting 
to 03; leave the original 
contro! word in control 
storage. Statement—MN=LNK, SF, STOP 

"Bae the P-register settings necessary for addressing local 

storage, refer to the local-storage map in the CPU- Hardware 
{CPU) section, 

For variations of this word, refer to the bit definition of the 
word-move word in the Microprogram (MIC) section. 


“Manufactured by Tektronics, Inc. 


| ; CYCLE 1 j Hi ; _ CYCLE 2 | 
WM Word WM Word 


Ys 





| CYCLE 1. |2 CYCLE2 | 
Pd tat WM Word WM Word 


Ge ee Bie 
Se uaadee Gana pee 
: PEACE 





With channel 2, scope the + A-LS ADDR X EQUALS 7 line (C4 F2 G12). 


* Scope pictures iJ] and B& show the X- and Y- fines for the source 
register LNK being activated early in the cycle of the word-move word. 


With channel 2, scope the + SLOW AX PATH DECODE 2 (C4 G4 B03) 


| CYCLE 1 | cYcLe 2 | 
WM Word WM Word 


PAL FALL 
eve aire 


my | ptt | | pt 
RRR aR TE ERE| 
pM] i | I 


X2 Latched for write/read of 
previous destination. 







O-Time — 






x2 
X2 Latched for write/read of © 
destination reg. of cycte 1. 
With channel 2, scope the + SLOW AY PATH DECODE 6(C4 J4 p02)? 


Y CYCLE 2 
1 ogyen Ey cycle 2 


O-Time 







ee See 
ame Oe 
BA@ARS@ ARE 


Y6 Latched for write/ read 
of previous destination. 


Y6 Latched for write/read 
of Destination reg. of cycle 1. 


Scope pictures and show the X- and Y-lines for the destination 
Y-register being activated in the second half of the word-move word cycle. 
Destination addressing is always activated for the destining of the previous 
control word’s results. 


3145 TM CPU 17 


EXPANDED LocMBronace (EXPLS) 
a re 


Ae LO orem 


@ Composed of hardware registers that are physically 
exiernals but are logically connected as local storage. 














. 
Loca 
STORAGE 


tere we 


Foact NSA REE bi 
fe» | auatray SOHPERHRE TEN 4 


®@ Source addresses are formed through the expanded focal- 
storage-address assembler. 


4 
k 
3 
{ 
i 
we 


O00 ATMO REMERET MAY 
2 


@ Destination addresses are formed through the local- ‘ ae 
storage-control assembler and the A-local-storage-address ee ‘ 
assembler, : v commas od 


sere aowreen! 
N 
N 


e Expanded local-storage registers are not duplicated as 
are the local-storage registers. 


radar avons 





woth DUNCLI EMD, 


bees ot 
ens i 


@ Used with I-cycles, selector channels, and address-adjustment * 
circuits, 


7 
' 
ote memes 2/3 


Tar * 
mit ? 
CONTROLS 3 


In order to access expanded local storage : 
1, Mode register bit 1 must be on. 
2. Direct local-storage addressing must be specified (C1 or 
C2 bit O = 0). 


P-register bits 0, 3, and 4 control the expanded local- 
storage inputs to the A- and B-registers (shawn on page 
CPU 20). ; 

Only one expanded Jocal-storage register can be accessed 
a8 a source in any one control word. , 

_ The branch and link/return word and the word-move word | 
version 1 cannot access expanded local-storage registers. 

All expanded local-storage registers may be displayed 
from the console, but altered only from the console 
printer-keyboard. 

The |, V, U, and W-registers are not under control of bits 
O and 4 of the P-register, but do require that P low = 2 
or A. ; : 


OMT ie! 


veveut 
of CONTROLS 


eusrens 
at 


CaNTeGT | 


S1UeE 


: J : wentray 
lf different expanded local-storage addresses are called < = Sa acd 
for with A and B inputs, the register designated as the A ‘ —— stanrer Pee Fone tom 
source is used for both A and B sources. 8 
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EXPANDED LOCAL STORAGE (EXPLS) CPU 20 


LOCAL STORAGE GATING EXPANDED B-LOCAL STORAGE INPUT 


EBB 


aie i BBBEEwaw ST Torfamel ene | 


PO=0 
P4=0 





EXPANDED A-LOCAL STORAGE INPUT 


~~ 
-_. 


1, V, U, and W are not dependent on the setting of PO or P4. 


AA TA TA WAY 


s 
~ 





B8-LS 









@Mmeawmweewwe 


5 





PO=1 
P4=0 
P3=0 


Note: if P3 is equal toi, the address accesses an external © 
location rather than expanded local storage. 


EXPANDED LOCAL STORAGE MAP 


Note. Expanded local storage may be altered 
from the printer-keyboard with the CE key on. : 



















: X and ¥ 
PRE EON! PER SORENTO LRA ORE REC TEEERIES EGRET RE MEER TERRES OREN AGERE OST 
so ey Pt RRegisterf xz yo | 
psy Vv Register x2 TT 
Wo WRegister RYT 
oe ee aa 
[sate iB Register X24 | 
ss ra Ta Register X25 | 
[56 | ics Cycle Control Display TT XRG | 
[ae 57 through SF unassigned SEERA ieee 
feo Gok DATA ADOR [SX 2) Xa VO] 
[er | c2pprt BACKUP DATA ADDR X41 | 
[a ET SRE SERA VESEY TAR EL 
Ee EE PSE Ee) Se IC Me 8 
g3pAt [DATA ADOR (Sx 3) Xa va 
p65 | G30BRL | BACKUP DATAADDR | Xa Y5 | 
a 
Sen Er Se ees 
p6a | GibRL ATA ADDR SX 1) x5 YO | 
peat Giberme BACKUP DATA ADDR XS ¥7 | 
Ce Eee See ees Paes De Sea 
[Ee De ER Las Cea PS OE 
bec ff csort TATA ADDR isxay xe 4 | 
Coe SE [| BACKUP DATA ADDR | 
: Se RE Se 
Se 
ae ff O through 77 unassigned 
pa wK Working Register X72] 
. 
ic TOK bocal Addr Reg. TTL DESTINATION GATE | X7Y4 J - 
oss secsize TO x75 | 
Ce See SPER ee OR SE RE 
Et ES Es aes es es Oe ee 


: : %& SEGMENT AND PAGE NO. FROM PAA 


1-Register (EXPLS 50) 


When the instruction counter register is used as a destination, 
byte 0, 24 bits, or fullword-loading is possible. 


Byte 0: (f the I-Reg is destined, byte 0 is gated to the Key-Reg 
Bytes 1,2, and 3 contain the instruction address 


V-Register (EXPLS 51)* 


Bytes 1, 2, and 3 usually contain the second operand address 
generated during I-cycles. 


W-Register (EXPLS 52)* 


Bytes 1, 2, and 3 usually contain the first operand address 
a) generated during I-cyctes, 


*  }f used in a storage word, the key register is gated as byte 0. 
The key register contains the storage protect key (bits 0-3, 
bits 4-7=0). 

If V of W is used as a storage address in a storage word, the 
KEY reg is gated as byte 0. The KEY reg is always gated as 
byte 0 fori, TR, and 1BU. 


U-Register (EXPLS 53) 


When used as a destination, byte 2 may not be changed (loaded 
via hardware} 


Byte O bits 0-1 used for ILC 
bits 2-3. used for CC 
bits 4-7 used for program mask 
Byte 1 bits 0-1 reserved for FLP mult. and divide 
bit 2 indicates that GRs 0-3 need restoring. 
bit 3 indicates LEX MODE 
bit 4-7 used for OWMP 
Byte 2 used for Op-code 
Byte 3 used for immediate byte information 
Note: Byte 0 bits 0 and 1 and Byte 2 bits 0 through 7 are set 
only by hardware. 


iBU-Register (EXPLS 54) * 


Upon entering !-cycles, |-Reg bytes 1, 2, and 3 are set into (BU. 
If a retry condition is encountered during {-cycles, the instruction 
may be repeated (return to DFOC). tn this event, IBU is moved 
to the !-Reg, This source-only register may not be used as a desti- 
nation. IBU is loaded via hardware only from the I-register. 


TR-Register (EXPLS 55) * 


This register is the address of next doubleword after the address in 
the t-register. TR-Reg may not be used as a destination, but changes 
if the !-Reg is destined. 


ICS (i-Cycie Status) Register (EXPLS 56) 


This unique register is provided for manual display only, and is 
not accessible via microcode. While the specific signals occupy an 
expanded local-storage register address, no such register exists. 
Instead, various key signals from the I-cycie hardware (under 
hardware control) are gated via the register address to forma 
display. Interpretation of the display requires a fundamental 


_ knowledge of the functional operation of the !-cycle hardware. 


Byte 0 forced to zeros 
Byte 1 forced to zeros 
Byte 2 
bit 0 BR Read Latch 
bit 1 Op Load Latch 
bit2 OpL2 
bit3 Op Li 
bit 4 Prefetch required 
bit 5 Prefetch inhibit 
bit6 FLP Long 
bit 7 Op BR to DF 
Byte 3 
bit 0 1-Bfr 0 parity check tatch 
bit 1 1-Bfr 1 parity check latch 
bit 2 Half Adder check fatch 
bit 3 IMM byte modifier parity check 
bit4 X=0 
bitS B=0 
bit 6 Set Control Address 
bit7 Low bit 


tCS Bits: Functional Significance 


Byte 2: BitO (BR Read Latch), when on, indicates that a RTN 
to I-cycles has forced an initial I-cycle address of 
DFOC. 


Bit 1 (Op Load Latch), when on, indicates a hardware 
attempt to: ' 
a) provide an initial 1-cycle address of DF 14 (if 
byte 2 bit 0 is off). 
b) provide an address of DF 14 for a further fetch 
of the instruction when within t-¢ycles and Set 
Control Address (Set CA) (byte 3 bit 6) is on. 


Byte 3: 





Bit 2 (Op Length 2) from decode of two high-order bits 
of Op Reg, when on, denotes that the data currently 
in Op Reg is not an RR format. 


Bit 3 (Op Length 1) from decode of two high-order bits 
of Op Reg, when on, denotes that the data currently 
in Op Reg is not of RX, RS, Si format. 


Bit 4 (Prefetch required) when on indicates (as a fune- | 
tion of |-Reg, I-Bfrs, and current instruction con- 
ditions) that the next instruction should be pre- 
fetched. ; 

Bit 5 (Prefetch inhibit) When on, indicates that a 
Prefetch will not be allowed. This signal is also 
a function of !-Reg, 1-Bfrs, and current instruction, 
Note that this signal does not take into account 
other functions, such as Real Instruction Address" 
Compare mode. 


Bit 6 (Floating Pt Long), when on, represents a partial 
sheer bia in the Op Reg. This signal is 
used with insteuetion format to determine a 
specific !-cycle path. 

Bit 7 (Op Branch to DF), when on, indicates that the 
end of the hardware {-cycles branched to the read and 
align phase of t-cycles (the other half of the DF module 
instead of a CX module). 


Bit 0 (I-Bfr 0 parity check latch}, when on, indicates an 
incorrect parity condition for {-Bfr 0. 

Bit 1 (1-Bfr 1 parity check latch) when on, indicates an 
incorrect parity condition for I-Bfr 1. 


Bit 2 (Half Adder check latch}, when on, indicates that 
a check condition occurred in the half adder 
during an I-register hardware update. 


Bit 3 (immediate Byte Modifier parity check), when on, 
indicates a parity check of the immediate byte 
modifier register. This signal is the check fatch 
input. 

Note: The above four signals are combined to 
form the signal ‘!~cycle hardware check’. 

Bit 4 (X=0) Has particular significance when the op 
reg data is for an RX format. When this bit is 
off (and byte 3 bit 5 is off} double indexing is 
indicated for RX format instructions. Note that 
RS, Si, and SS format instructions force this 
signal on. 

Bit 5 (B=0), when on, indicates that the data being gated © 
through the base assembler of the I-Bfrs is zero. 
(refers to GPROO). This signal has no significance . 
RR format instructions. 
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Bit6 (Set CA), when on, indicates either that the current 
control store address is not within the hardware 

~ {-cycle range, or that a branch point within that 
address range has been encountered. 

Bit? (Low Bit) when on, indicates that hardware- 
detected conditions are currently satisfied for 
deviating from the normal branch to the execution: 
the starting address is C (Op code) 4 instead of C 
(Op cade} 4. This signal! has significance for certain 
branch instructions, floating-point, and shift-double 
instructions, 


Byte 3 bits 0-3 provide a further definition of the cause of an 
t-cycle hardware check. Byte 2, bits 0-6 and byte 3, bits 4-6 may 
be used, with discretion, to determine the starting address for 
t-cycle sequences. Byte 2 bit 7 indicates when the “read and align’ 
phase is used; and Byte 3 bit 7 indicates the status of hardware 
tests for branch on condition, floating-point reg, specification, etc, 


G2DRL, G3DRL, GIDRL, and G4DRL (EXPLS 60, 64, 
68, and 6C) 


These registers function as a pointer to the next storage location 
used for a share cycle. 
BYTE 0 contains the protect key. 


G2DBRL, G3DBRL; GIDBRL, and G4DBRL (EXPLS 61, 
- 65, 69, and 6D) 


Only bytes 1 and 2 exist. 


SN-Register (EXPLS 78) 


Byte 0 FF hex 
Byte 1 00 hex 


PN-Register (EXPLS 79) 


Byte 0 FF hex 
Bytel ~ 00 hex 


WK-Register (EXPLS 7A) 


Working Register 
Byte 0 = FF 


NP-Register (EXPLS 7B) 
Bytes 0 and 1 Logical Address 


Byte 2 
Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit § 
Bit 6 
Bit 7 

Byte 3 
Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 


Lex Mode 


Reset Tables 


Execute Instruction: 


See “Dynamic Address Translation NP2 
and NPS Register,” page CPU 155. 
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DK-Register (EXPLS 7C) : 


Byte 0 


Byte 1 


Byte 2 


: Byte 3 


Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 


Bit 0 


Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit 0 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 
Bit O 
Bit i 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 


Logical Address 


ooe 


Real Address 


EXPANDED LOCAL STORAGE: SOURCE GATING 


When used as a source, expanded local storage is addressed 





ocak 


aia Siac 


x 
8 


canines 


: ex ceet 
ae Apencbertres Cl Ser md 
by the expanded local-storage address. assembler. The address" ? some ts me f roast 





bits from the control word are intercepted as the control word 
is being read from control storage, and gated to the expanded 


local-storage address assembler, Gating lines generated by Tee 
the address assembler gate the proper expanded local-storage , "| ate 
register to either the A- or B-register. pg ca : 

If expanded local storage is being gated to the A-register, ‘ ‘ i = = 


the sense latches for A-local storage are blocked from being — 
" get. 1f expanded local storage is being gated to the B-register, 
the sense latches for B-local storage are blocked. ; 
If the expanded local-storage register is also the destination, 
the destination latches in local storage are set to be used in be 

the following control-word cycle, a: 
'. Examples on the fotlowing pages show the various ways E 
the expanded local-storage gates may be formed for source 
addressing. ; 

Whether the expanded local-storage register is an A or aB 
source, it is gated to both the A-LS and 8-LS assemblers. 
The source gating circuits then gate the A or B assembler 
to the A- or B-register, 

There are contro! words in the microprogram listings that ‘ : 
appear to be addressing two different expanded local-storage ~ eo a ics 4 f sea] 
registers as sources in the same word, However, the B-source . ae 
address defaults to the A-source. For example: 


Control Word-—————WK1 = NP2, OE, WK1 - — SHS) 
NP2 is the A-source 4 7 
WK? is the B-source é a a 
The decode of this word defaults to read effectively an i 3 : : 
WK1 = NP2, OE, NP20 i : - § Sino 
This type of control word is valid only if the B-source is 
being blocked from ALU entry. 


Rae A ae TANG a ac an ib Hiei weiss can ie 





OL ALLL LLDE 0m 


1a eee FP ORE Danes 


peestaeneae S00 SO 8 ee 





Seep 


wept 


Sar Sa rea ne ae 


eCierin Pts 


vers 


whee DA delete WY o's cabot oe 





ten Pitan vi as at 


ethan 26 Geet we Fae ye ae EEE MEL SE ae! Seles ae ee ee te a eee aS ak bied oSe OTD Serrano fee Met Pee at de Bee 
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EXPANDED LOCAL STORAGE (EXPLS) CPU 24 


RV 012 (NOT) EXP LSCA BYTE 2BIT 1 
. EXPLS SOURCE X = 2 
DATA TO SYS BITS ia 


oS B-LOCAL 
| STORE 


CPU 28 


RV 011 (NOT) EXP LSCA BYTE 1 BIT 1 cE : 
GATE EXPLS TO B-REG 
GATE B-HOOK g 
a 
OT 4 A-LOCAL 
(WM 0) ; ' STORE 
RV 013 3% 
aa 


-P4= 1 -(B-HOOK) 
Nore __-coxasosr anes ee 
NOT 1 A A 
2 LC 016 ‘ Pe . 
O-TIME Bl : 


(ward —-PO= 1(A-HOOK) 
BLOCK A-LS LATCH SET 
eee o-Time BFR | * 


TYPE 2,3} MODE REG BIT 1 =1 
2 SDBO EXPANDED ee nee i atte 
ASM LOCAL : a ne . 
STORAGE . B-asm : Pe | 


RV 013 
X-¥ NECODE 


GATE 8-EXPLS 


wn = 
> 





> 
. 
= '@ 
so 
ame 
ae 
1E9 
23 
2 
m 
oo 
a 
2 
(>) 


EXPANDED GATE EXPLS 


LOCAL STORAGE 
ADOR ASM 








EXPANDED LOCAL STORAGE: SOURCE GATING 
EXAMPLES 






RV 012 (Not) Exp LSCA Byte 7 Bit 1 
EXPLS Source X=2 









“Data to’ SYS Bits 
CO Bits 0-4 






Gate B Exp LS 





Gate A Exp is = : 







- POs 1(A-Hook) - — 
Mode Reg Bit 1=T i 





Sate epee CH ro MORRIE 


; Word-Move Version 0. 
“P Low=2 (X2 decode) » 


Statement _CO Bits josie 
C2 Bits 0-3-0010 
O=W,D7 


in this word-move example, the expanded local-storage W-register . 
is the B-source. W is one of the four expanded LS-registers that do 


oe not rely on PO or P4 to bring upa gating line. 


“The upper AND circuit is activated by this control: word, The tine 
‘Gate B Exp LS’ gates the W-register (from the B-Asm) to the 


~ |. B4ocal-storage bus-out. This gating line also blocks the B-local- - 


_ storage sense latch set. 








| an ic Ba 
“Data to SYS Bits “y » EXPLS Source K-2 « 


CO Bits 0-4 


an a 









Arithmetic Word (A destination) 
P Low=2 (X2 decode) 


Statement CO Bits 0-4=11000 
C1 Bits 0-3=0001 


~ VO=0 


The decode of this arithmetic word specifies that the expanded 
local-storage V-register is to be accessed as the A-source and is also 
to be destination of the arithmetic result. 

The ‘Gate A Exp LS’ line is activated through the AND circuit 
highlighted in the diagram. The X and Y decode for the V-register is 
also set up in the A-local storage destination latches for use in the 
following control word cycle. 


aaah a eee Re 


re BY 012 (Not) Exp LSCA Byte? Bit 1 


“Gate A Exp LS 


-Corceveay a ane 5a PO=1 (A- Hook! 


i 2 
“Mode Reg Bit 12°1° 
Type2,3)- 4, pettbed 
AV O13 pera 



















vd dal ikidea Boo teil ade: aed 2 non esBne a RE Re RSE a eda aah Ri BRE op Ee ed te lel cin lan as ee a 
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EXPANDED LOCAL STORAGE (EXPLS). cPu 26 


8 Situs cow LER LRT ROE EO TOR, ITNT SOLON EG Ss ATS 
Ftc EEE TET Saas eM ig OPO TERNI LERIRY OEE 405 ACS MATER TI BE = ° fae ae 





RY 012 (Not) Exp LSCA Byte 1 Bit 7 RV 012 (Not! Exp LSCA Byte 1 8 


Data to SYS Bits . EARLS SOUrce ee 


Data to SYS Bits e EXPLS Source X=2 
CO Bits 0-4. 


CO Bits 0-4 





ON Bi : ‘ . oe Pe __. RV O11 (Not) Exp LSCA Byte 1 Bit-1 
E 4 Gate B-Hook i ‘ Gate B-Hook > 


PO=1 (A-Hook) 
Mode Reg Bit 1=1 


sear 
-: Fype 2, 3} 
RV 013 





(Word 
Type 2, 3) 
RV 013 





Storage Word (Read Word) Arithmetic Word (A destination) : 
"P Low = F (X7 decode) P=87 : 
Statement CO Bits 0-4=01000 ies 


SEBS PS ong Statement «CO Bits 0-4=10001 
C1 Bits 0-3-0011 
NP2=NP2, OR, KO5 


— RDW RW WK, NOP 


The expanded local-storage WK-register is the address source for 
this Read Word. The highlighted AND circuit brings up the ‘Gate B 
Expls’ line. The set to the B-local-storage sense latches is blocked to 


The expanded local-storage NP2 register is the A-source and 
prevent any conflict on the B-register input. 


destination in this arithmetic word. The ‘Gate A Exp LS’ 
line is brought up by the highlighted AND circuit. 

The X- and Y-decode for NP is set up in the A-local storage 
destination latches for use. in the following control word cycle. 











EXPANDED LOCA AGE: DESTINING 23 Sauna tanner ceraia a arcana ase 


When expanded local storage is addressed as a destination, 5 

the destination address latches of A-local storage are usedto *": 

retain the address until the fotlowing:cycle, : Pin . 
At destination time, the bit gates for both A- and B: local. ae 

". Storage are blocked to prevent local storage from being set... --: 

” “The data destined to expanded !ocal storage is gated from 

the D-register through the SDBO assembler on the EB! 

to the expanded locat-storage register addressed by the A- 

local storage destination latches. 


2 gémomrammssned DESY = 


Ss he : 
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DESTINATION CONTROL 
cPu 24 
GATE A EXPLS 
TIME < (NOT) EARLY DEST IS EXT 
BB,BAL,WMO,or ARITH A-DEST 
STORAGE INTERLOCK 


CYCLE — 





WMO ~ 





CiBIT7=1 


READ ADDRESS ADJUST 
STORAGE CYCLE 2 | 


4-TIME 


’ 


ot : (NOT) EARLY DEST IS EXT 
(NOT) BR,BAL,WMO, or ARITH a | 


_ ADEST 

~ > (NOT) STORAGE . 

_ INTERLOCK CYCLE “Leo1 
CPU 24 


Ce B EXPLS 


C017 
TIME 


C017 


Lc017 


LC017 


C017 


Lco17 


TIME 


: These latches provide the 
“. delay to destine expanded 





EXPANDED LOCAL STORAGE (EXPLS) CPU 28 










B-LOCAL! 6k 





: local storage in the next cycle. 


LATE DESTINE IS EXPLS ie BLOCK LS 











CROSS&GATING = J 
Lcot7 ALUs, HALF-SUM CHECKING | ~ 





EXPANDED 
SDBO 1 "he 
LOCA 
ASM poe L 
EXPLS 


STORAGE 


greene. 


DESTINATION 
LATCHES 


X + ¥ DECODE 





EXTERNAL FAGSDTIES | 


J ¢° 4 : 
@ External facilities are composed of registers, buses, etaee “are FLUSH-THROUGH CHECK B _ Bus-In to the selected external facility, The data from the was the destination. If the data does not compare, bit 2 
_ Hines, and other circuitry that form the communications "Data destined to some external facility is gated from the -.. D-register is gated to the flush-through-check match circuit of MCKA1 is set to indicate the error. 
: “tine between the microprogram and: ; : Hy D-register through the SD where it is compared with the data from the external that Data gated from the console file to the CFDR is not 
_ Channels 0 ty Oe Bn! ; : flush-through-checked. 





ConsoleFile. °° 
Console Printer- -Keyboord 
Checking facilities 

Retry circuits 

Integrated File Adapter 

Features 


@ Addresses are formed from control words, console-file 
data, selector-channe! circuits, console switches, retry 
information, and local-storage address data. 


@ Data from the externats enters the data flow through the 
external assembler to the A-Reg only, Externals cannot 
-; be gated to the B-Reg. bee ; 
‘Data to the externals is gated through the SDBO assembler my ge we 
on the External Bus-In (EBI}.” 














External facilities have restrictions “absoclated with ce 
“because of the manner in which they are used. For example, 
“"” certain externals cannot be addressed as destinations for data, 
“:. others cannot be sources of data. : 


EXTERNAL CONTROL ASSEMBLER AY 
- © Receives data from the SDBO early in the CPU cycle to 
form the source gates necessary to gate-in external data 
“4p the data flow in time to be used i in source-control- 
= “word operation. ; 






1 e Receives data from the secondary contro! assembler to 
‘form addresses in conjunction with source selector 
channel, console file, or display operation. 


X-Y, DECODES nee nee |: | 
The X- and Y-tines are brought up only for destination’ ; 
= addresses. The X- and Y-combinations are routed to the 
ee various external hardware locations to bring up set and 
°° gating lines, 
oon! The X- and Y-lines are checked to assure that one and 
“only one X-line, and one and only one Y-line is activated 
for a destination address. An X-compare check sets 
MCKA3 bit 0. A Y-compare check sets MCKA3 bit 1. 


SOURCE ADDRESSING 
_. Source addressing is performed by generating gating lines 
a that allow selected external buses to feed through the 
“external or expanded external assembler into the CPU 
data flow. 








ALON) asc ene ere mae! mod 
ae stan rentier 2 Ue 


waio 


EXAMPLE of SOURCE, DESTINATION, and FTC TIMING. 
CYCLE 1 “CYCLE 2 


Control! Word (Mode = 0, OE, K10) is executed in this cycle. The destining of the Mode Register and the FTC is 
performed in this cycle. 


16 ge Time O-T ime npg 1-Time 
0-Time Delayed ———»- «1. Time Delayed <---> + ———0-Time Delayed ————~}p——1 Time Diy 





: Read Mode Reg Write/Read Mode Reg 
MODE ACCESS 
Result to Z-Reg Z-Register to D-Register 
2- and D-Register 
FTC of Modeand O 
Flush-Through Check. es 


3145 TM CPU 29 


EXTERNAL FACILITIES CPU 3 
EXTERNAL ASSEMBLER DATA FLOW 


(BE111) EXT DEC BIT BFR 1 (BFR 2) (BIT 7) 


| {NOT BIT 7) 


(BIT 7) 
: (BE 111) (External decode gate 1 bfr 1,2) 
({REO21—024, REO31—036) (MCKA External word- 36 bits) 
= 
\ (REO41—REOS4) (MCKB Exterrial word-36 bits) 


Net | 7) 
"(BE 111) € | decode gate 2 bfr 1,2 
. e VE srainel Ge dil ena ‘The gate for these bus lines is effectively 
. PDO25, PD041—PD043 (DOC External word - 36 bits) 


{not) Gate External Group A, 8, and C. 





FA011—-FA014, FA111—FA131 (MPX External word-36 bits) 


BIT 7) 
(BE 111) (External decode gate 3 bfr 1}-—_—_____________. 
KF022,RHO22—RHO25, RSO11—RSO13 (SYS External word-36 bits} 












\ wor air 7] BiT 7) 
(BE 111) {External decode gate 4 bfr 1) 
KF022,RD071,RD072;RI01 1—AJO13 (IN External word- 36 bits) : ram 36 | 36 
BE112-164 | : : 
N Note xX 
3€ 
JGO11 (IFA or SX 1-36 bits) x 
BE011, BEO21 (Sel Chni 2- 36 bits) ! 
AC112—RC192 {SW or CF asm- 36 bits) 
| | A Bytes 0-3, Bits 0-7 (EXT Asm Bytes 0-3, Bits P-7 
—s 36 . 
BE211—BE242 (RTY—DIAG—ACB asm- 36 bits) = _ TO A-REG and FTC 
| 
. RAM6—-RR148 (RTY back-up asm- 36 bits) " y A 
36 
BE112-164 — P-Bits 
BE111 Gate External Group A ; 
BE111 Gate External Group B 
BE111 Gate External Group C 
DE016 (Force Parity Bit} ' 
: This tine performs a diagnostic function by Doe 
causing bad parity. tt results in A-Reg Parity ~ 
errors. : 


Nota: Refer to “External Assembler” diagram in the : 
3145 Processing Unit Maintenance Diagrams, SY24-3580. 


EXPANDED EXTERNWMOASSEMBLER DATA FLOW 
ge 


{BIT 7) 





8F-111 EXP EXT DEC BIT 7 BFR 1 (BFR 2) 
ee (NOT BIT 7) 


b 


BF 111 Expanded EXT Decode Gate 1 bfr 1,2 


RM 812 RJ O11 RJ O12 PSW CTL External word - 36 bits m 


BF 001 CTCAX External word-36 bits 


BF 111 Expanded EXT Decode Sate 2 bfr 1,2 — 
BE 071 RD Q62 MISC External word-36 bits 


PF 002 CTCAY External word-36 bits mmenuRe ERR. 


BF 111 Expanded EXT Decode Ga te 3bfr 1 
JA 022 JA 023 DC External word-36 bits 


BF 111 Expanded EXT Deocde Gate 3 bfr 2 
RM 811 KF 031 CPU External word-36 bits 


. 


BE 031 BE 041 Sel Cho! 3. 36 bits 
BE 051 BE 061 Sel Chni'4 36 bits 


{Spare) 


CT 112 CT 214 CT 224 CT 311-CT 311 IFA-TOD Asm-36 bits 
TB 002-TB 006 PIR or PIRM 33 bits 


These externat group gates are 
F 11% S 1 
win ti Bi Expanded Gate External Group A 


por ee ae ee Hd BE 111 Expanded Gate External Group B 
' BF 111 Expended Gate External Group C 
4 
’ 
1 


(NOT BIT 7} 








The gate for these bus lines is effectively _ 
{not} Expanded Gate External Groups A, 


a (BIT 7) 
OR 
(NOT BIT 7} 
neator B, and C, 
| {BIT 7) 
36 
aaa el 
AS geass A 
36 | 36 
BF112—-164 
fi Note 
x 
ee eee 
X eee” 





Exp Ext Asm Bytes 0-3 Bits P-7 GS 
To A-REG and FTC 


". 


EP 


BF 112-164 


Note: Refer to “Expanded External Assembler’ diagram in the 
3145 Processing Unit Maintenance Diagrams, SY24-3580. 
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CPU 31 








EXTERNAL ASSIGNMENT AND INDEX MAP 


The one SPT word and the one SYS word appear in every eight- 
word group. These two registers have direct-type addressing and 
are accessible with any P-register setting. SPTL is addressed when 
the hex digit C is specified in either the A-source or the B-source 
fieids of a contro! word. SYS is addressed when the hex digit D 

. $s specified in the A-source field. 


“WORD. 
ADORESS 


iret] 
Tne 7 
Ys — Iss —] 


MB 
CTCAX1 CTCAX2 CTCAX3 
EC LEVEL 
CT 
T-R 


T 


ee 


XXXXXXX| XXXXXXXX 
T-REG L-REG 


WT 


1 
SE 
cTCAYs 
fenes [Trea [uaz | 
rea nes 


TRBO 


Bit MCKA and MCKB are set to zero when MCKA is used as a 
“- destination in a word-move word, with the NOREG as the source, 


RCNT 
NOREGS 
FEAT 3 

DR 


—— 


R1 


N 
~ 





a May not be used as a destination. 


*Not Flush-Through Checked. 


ABRTY2  {ABRTY3 
MRTY3 








Both MCKA ana MCK8 are set to zero when MCKA is used as a 
destination in a word-move word, with the NOREG as the source. 


SSSSSSSEK SERIE 
% 


_ x 
~ < 


OE 
OF. 
10 


11 








Described fn 

REC 

CPU 

DIAG (Bytes 0, 1) CPU (Bytes 2, 3) 
CPU 

REC (Bytes 0, 1, 2) CPU (Byte 3) 
REC 

REC 

CPU 

CFA 

CPU 

CPU 

CPU 

REC (Bytes 0, 1, 2) CPU (Byte 3} 
CHNL .. 

cPK 

cPu 

FEAT 

FEAT (Byte O)CPU {Bytes 2, 3) 
FEAT 

CPU 

REC (Bytes 0, 1, 2} CPU (Byte 3} 
CPU 

FEAT 

REC and DIAG 

REC Q 


- REC 


REC 


= CPU 


REC (Bytes 0, 1, 2) CPU (Byte 3) 








EXTERNAL FACILITIES 





cru se 








WORD WORD pets BvTE, 
BLOBESS NAME 

































Pee 
LINE 
[Geir roax_[osorwe [carrer | ceetet [esaror vo 
gas FENG —_[6SPFOS | GBRFRC [GOT FED GED FHODITT | \ gg 
[—“csraresratjcrert — | cersc_[esrsr [ouro. a2] 
He} sr tenes | pees [tres [crea [as 
Pe cL eee Javea" sve ever nee Jao] 
[ze | eens fese | eor rte. [PAT dee | ora 
| EDR: ee acral Sse GENS al RE 
[as seur Fa [Geo FARA | Goi FRAC] GaFSC | GaIFSA_[50_] 
eee CIT ejieer_focr [esp _-Jer_)\ oes 
[pap estar oboe | os [ek ee 
[os [etc gen Tso Ton To 
sec | preg |tAeG [ne [54 | 
A 
22 | ADIT | _LOGICALADDA | REAL ADDR 56 _| 
ee ee . 
nn eo 
ES OO (SERS BE 
2 ee a oe [es fo ee | 
: a ac Les fea] 
ess [evs [osvsr_ [ever rec fos] 
| sas ioe Sone cls GIR GA ES CEL 
ne 
fee ee eee eee eee ee 
‘tae faves ave [ever [ence [re] 
(36 Toon frooto” toni | toou2_ J ropo.3_ 76 | 
Ce eee 





eee ES re ee EER 1S 


May not be used as a destination. 





Not Flush-Theough Checked 





Address 
20 

21 

22° 
23 

24 

25 


27 
28 


2a° 
28 


-2€ 


20 
2€ 
2F 


30 


31 
32 
33 


35 


S$8ess 


3B 
3c 


“3D 


3€ 
3F 


Described In 
CHNL or IFA 


-CHNL or IFA 7 
— CHNL or IFA 
CHNL or iFA 


cpu 


IFA . 


CHNL or JFA 


~ CHNL 


CHNL 


- CHNL 


cpu 


CHNL 

CHNL . 

CHNL 

CHNL 

cpu ie 

REC (Bytes 0, 1, 2) CPU (Byte 3) 
FEAT 

CHNL ¢ 

CHNL 

CHNL 

CHNL - 

cpu 

REC (Bytes 0, 1, 2) CPU (Byte 3) 
FEAT 


REC (Bytes 0, 1, 2) CPU (Byte 3). 


REC (Bytes 0, 1, 2) CPU (Byte 3) 
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NOREG Word 


This fullword facility is not really a register. It is used to zero- 
out other locations. For example, if a word-move control word 
specifies that bytes 1 and 3 of the NOREG are to be moved to 
a local-storage location, then bytes 1 and 3 of that location are 
set to all zeros with odd parity. 


Diag Word Byte 2 


3145 Models FED, GE, GFD, H, HG, and I 


(Feat 2) Byte 2, BitsO-3 Main Storage Size 
= 112k 
2= 160k 
3 = 208k 
4= 256k 
5 = 384k 
6 = 512k 
Bit 4 IFA 
Bits5,6 Channels (Note: !FA counts as one 
channel) 
00=1 
01=2 
10=3 
11=4 
Bit 7 Word Buffer 


3145 Models H2, HG2, 12, {H2, J2, J12, and K2 


(Feat 2) Byte 2, Bits0-3 Main Storage Size 


1= 768k 
2= 1024k 
3= 1536k 
4= 256k 
= 384k 
6= 512k 
‘7 = 2048k >. 
Bit 4 Reserved 
Bits5,6 Channels 
00=1 
01=2 
10=3 
11=4 
*, Bit 7 Word Buffer 
Diag Word Byte 3 


{Feat 3) Byte 3, BitO Model Configuration 


0 = 3145 Models FED, GFD, H, 


HG, and ! 
1 = 3145 Models H2, HG2, 12, 1H2, 
J2, Ji2, and K2 
Bit 1 3215 
Bit 2 Second 3210 
Bit3 3145 Models Jt2 and K2 
Bit 4 Clock Comparator, CPU Timer 


Bits5,6 Spare 


oO Direct Control 


CPU Word 
MODE Register 
Byte 0 
Bit 0 Hard-stop fatch (control register 14 bit 0) 
Bit 1 Enable I-cycle and Adr Adj Ctr! and expanded 


local storage. 
Bit 2 Enable hardware retry 
Bit 3 Full recording mode for single-bit failures in main 
storage 2 
Bit 4 Full recording mode for single-bit failures in 
control storage 
Bit 5 Threshold mode for single-bit failures in control 
storage 
Bit 6 Reserved 
Bit 7 Reserved 
Byte 1 CFDAR (Console-file data-address register) 
Track and sector address used by console fite. 
Byte 2 LRUM (Least Recently Used Matrix) 
Bits 0-7 Indicate which adr adj table register was least 
; recently used. 
Byte 3 MATCH 
Bits 0-7 Indicate which adr adj table register matches 
preaddress assembler, (useful only under diagnostic 
- control), 
SW Word (Console Switches) ‘ 


SWO through SW3 are the rotary console address/data switches: 


sw Byte Consote Switches 


Swo AB 
sw cD 
sw2 EF 
Ssw3 GH 
PSWCTL Word 
Byte 0 EPSWA Bit Name 
0 
1 
2 
3 
4 
5 Translation mode 
6 1/O master mask 
7 External master mask 
Byte 1 EPSWB Bit Name 
7 ; 
1 
2 
3 
4 
5 Machine-check mask 
6 Wait state 
7 Problem state 


Byte 2 MSKA Bit Name 

Timer mask 

Interrupt mask 

External signal mask. 
Reserved 

Reserved 

Reserved 

Reserved 

Reserved 

Byte 3 MSKB Bit Name 

, MPX channel mask 
Selector channel 1 mask 
Selector channel 2 mask 
Selector channel 3 mask 
Selector channel 4 mask 
Reserved 

Reserved 

Reserved 


a) NO Hh WN — O 


woo WN 


MISC Word Bytes 2 and 3 


2. EC Level: External register 12 byte 2 

The tast two digits in the 370 microprogram EC number are 
plugged. A test is performed before the go-no-go test to 

determine whether the disk being loaded is at the proper 
fevel. 

3. Serial Number 
External register 12 byte 3 contains the first two digits of the 
six-digit serial number... These digits are always plugged as: 
01 = U.S. manufacture i 
73 = German manufacture 
82 = Brazilian manufacture 


IN Word (Interrupt Register) 


An INTA or INTB (interruption) register bit is set on when the . 
corresponding source has an interruption pending and the system 
mask is set to allow such’an interruption. Bit names in the INT 
register are: 


Byte 0 INTA Bit Name 

Spare 

Spare 

Timer 
External signal 
System control 
CPU signal 0 
CPU signal 1 
Process stop 


NO Hh WN ~ © 


Byte 1 INTB Bit 


Ooh wh ~ © 


7* 
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Name 

Multiplex channel 
Selector channel 1 
Selector channel 2 
Selector channel 3 
Selector channel 4 
1/0 interrupt 
Timer update 
External 


* External is set on if all of the following conditions exist: 


1. An external interruption signal is on (that is, from the EXTINT 


register of the CPU signa! from the SCPU register). 


2. The external mask bit = 1 (bit 7 of the EPSWA register). 


3. For the timer MSKA bit 0 = 1 or for externals 1 through 6, 
MSKA bit 2 = 1. 


Bytes 2 and 3 contain the last four digits of the serial number. 


ACB (Address Check @Mlary) Register ACB SETTINGS 





@ The ACB-register is a-two-byte hardware register that contains > Main Control Main Control Main Control - Main Control Main Control 
boundary information used to check main- and control-storage Storage Storage ACB Storage Storage ACB Storage Storage ACB Storage Storage ACB Storage Storage ACB 
: accesses, | ; : * 112k 32k 01 c2 208k 32k 0340 384k 32k 0604 768k 32k 0C06 1536k 32k 1804 
_@ The ACB-register is loaded at IMPL and is reloaded each time - 110k = 34k O1BA 206k 34k 0338 382k 34k O5FC . 766k 34k OBFE 1534k 34k T7FC 
the system reset routine (GRST) is executed, 108k 36k 0182 204k 36k 0330 380k 36k O5F4 a64k 36k OBF6 1632k . * 36k 17F4 
: a oe 106k 38k O1TAA 202k 38k 0328 378k 38k OSEC 762k 38k OBEE. 1530k 38k I7EC 
-. @ The ACB-register is addressed by the external address OA and 104k . 40k O1A2 200k 40k 0320 376k 40k 05E4 760k 40k OBE6 1528k = 40k 17E4 
can be used as a Source or a destination. : 102k 42k 019A 198k 42k 0318 374k 42k O5DC 758k 42k OBDE "  1526k 42k 17DC 
: 100k 44k 0192 196k 44k . 0310 372k 44k 05D4 756k 44k OBD6 1924k ‘A4k 1704 
The ACB-register is set at IMPL with a specific value determined 98k 46k 018A 194k ‘46k 0308 370k 46k O5cC 754k 46k OBCE 1522k 46k 170 
by the main-storage and control-storage configuration. Certain 96k 48k 0182 - 192k 48k 0300 368k 48k 05C4 752k 48k OBC6 1520k 48k 17C4 
feature mixes may require additional control storage, above the 94k 50k 017A ; 190k 50k O2F8 366k 50k O58C 750k 50k OBBE 1518k 50k 17BC 
32k bytes that are standard. This expansion of control storage 92k —s- 82k 0172 188k 52k .. 02FO 364k 52k 0584 748k 52k  OBB6 1516k 52k 1784 
is made at the expense of main storage. The movement of the 90k 54k 016A 186k 54k 02E8 362k 54k O5AC 746k «54k OBAE 1514k 54k 17AC 
lower control-storage boundary into the main-storage area is done ' 88k 56k 0162 484k 56k 02E0 360k 56k 05A4 744k 56k OBA6 1512k 56k 1WA4 
. in 2k-byte increments. The change in the boundary location 86k 58k 015A 182k 58k 0208 358k 58k o59C 742k 58k OBIE - 1510k 58k 179C 
between main and control storage results in a different setting : 84k 60k 0152 180k 60k 02D0 356k 60k 0594 740k 60k OB96 1508k 60k 1794 
for the ACB-register. 82k 62k 014A 178k 62k 02C8 354k 62k 058C 738k 62k OBBE 1506k 62k 178C 
Once the feature mix and control-storage size is established, 80k 64k 0142 176k 64k ~=——s«02C0 352k 64k 0584 736k 64k OB86 1504k 64k 1784 
the 370 microprogram disk generated at the plant contains the — ; 
proper ACB setting for that configuration. ; 160k 32k 0281 256k 32k 0403 512k 32k 0805 —s-:1024k 32k 1007 2048k 32k 2005 
For each access of main or control storage, a comparison is - : : 158k 34k 0279 254k 34k O3FB 510k 34k 07FO 1022k 34k OFFF 2046k 34k 1FFD 
made between the ACB-register and the M-register. If a main- i ' 156k 36k 0271 252k 36k 03F3 508k 36k O7F5 1020k 36k OFF7 ' 2044k 36k 1FF5 
storage access attempts to address the control-storage area, an . 154k 38k 0269 250k 38k O3EB 506k 38k O7ED 1018k 38k OFEF 2042k 38k iFED 
address check occurs. If a control-storage access is made to a 152k 40k 0261 248k 40k 03E3 504k 40k O7E5 1016k 40k OFE7 2040k 40k IFES 
main-storage location, a machine check occurs. . ; 150k = 42k 0259 246k 42k 03DB 502k 42k 07DD 1014k 42k OF DF 2038k 42k 1FOD 
. : 148k 44k 0251 244k 44k 03D3 500k 44k -07D5 1012k 44k OFD? 2036k - 44k 1FDS 
; a : 146k AGk 0249 242k 46k 03CB 498k 46k 07CD 1010k 46k OFCF 2034k 46k 1FCD 
ACB-REGISTER 144k 48k 0241 240k 48k 03C3 496k 48k 07C5 1008k 48k OFC7 2032k 48k 1FCS 
142k 50k 0239 238k 50k 03BB 494k 50k 07BD 1006k 50k OF BF 2030k 50k _1FBD 
140k 52k 0231 236k 52k 0383 492k 52k 0785 1004k 52k OF B7 2028k 52k 1FB5 
138k 54k 0229 234k 54k 03AB 490k 54k 07AD 1002k 54k OFAF 2026k 54k IFAD 
" . 136k 56k 0221 232k 56k 03A3 488k 56k 07AS 1000k 56k OFA7 2024k 56k IFAS 
Pee. Lee BAESONIE CSO eee eee 134k 58k 0219 230k 58k 0398 486k = 5Bk 079D 998k. 58k = s«OF OF 2022k = 58k 1F9D 
dircraeseepy:  rxtoeage Aceasea: gisat cae cade 132k 60k 0211 228k 60k 0393 484k 60k 0795 996k 60k OF 97 2020k 60k 1F95 
accesses, (Bits O and 1 may 67=10-48k boundary: 130k 62k 0209 . 226k 62k 038B 482k 62k 078D 994k 62k OF8F 2018k 62k 1F8D 
be altered for 67=11-64k boundary 128k 64k 0201 224k 64k 0383 480k 64k 0785 992k 64k OF 87 2016k 64k 1F85 
control-storage se 
accestes.) 5=1 — External storage attached : 
67£00-128k external storage ; Note: The ACB se*ting for each 370 microprogram load may be 
or 1256k external storage : ; found in the module chart in the back of the microlisting. Look 
67=01-256k external storage — up address FFO8, the ACB setting is in bytes 0 and 1. 


or 1768k external storage 
67=10-512k external storage 
67=11-768k external storage 
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ACB Compere For Control Storage Access 






Acao ACB1 
Bits Bits 
~O12345 67101234567 


Decrement ° 
by 1 





01234567 
M2 


Main Storage Size 112k 


1f the comparison indicates that the ACB value is more than 


the M2 value, a machine-check condition is specified. 





AcBO ACB 1 
Bits Bits 


Straight —_——> 
Gate 





Compare 


01234567 
M2 


Main Storage Size 160k 





012345 67101234567 


Increment 
by? - 


M2 





Main Storage Size 208k 


' acBoO ACB 1 , ACBO ACB 1. f 
Bits Bits Bits Bits 


EXTERNAL FACILITIES CcPeu 






Ceeeeres/ Oeeeerel 


inet => 
bit 0 





01234567 
M2 


Main Storage Size 256k and Above 





ACB Compare for Main Storage Access 





M1 M2 


If the comparison indicates that the ACB vatue is equal to, or less 
than, the M-register value, an address check occurs. 


ACB Byte 1, Bit 0 and 1 Ga Compare Circuits (Control Storage Only ) 


Control- Storage Access ~ 


ACB Byte 1 Bits 6 and7 


iNot) ACB Byte 1 Bir 0 
Control-Storage Access 


ACB Byte 1 Bit - 


ACB Byte 1 Bit 6 


fNot) ACB Byte 1 Bit S 


ACB Byte 1 Bit 6 


(Not) ACB Byte 1 Bit 7 


ACB Byte 1 Bit 5 


(Not) ACB Byte 1 Bit 6 
ACB Byte 1 Bit 7 


a? 


MCO17 


(Not) ACB Byte 1 Bit 0 


ACB Byte 1 Bit 1 


ACB Byte 1 Bit 0 


(Not) ACB Byte 1 Bit 1 


‘ ACB Byte 1 Bit 1 
ACB Byte 1 Bit 1 ‘Ta compere clranite 


Control Storage Access 
(Not) ACB Byte 1 Bit 5 - A 
(Not) ACB Byte 1 Bit 6 


Not: Refer to “ACB and Mi-Registers” in the 
3145 Processing Unit Maintenance Diagrams 
manual SY24-3580, for high-level diagram of 
ACB compare. 


ACB Byte 1 Bit 0 
To compare circuits 


Before comparison is made between the ACB-register and the 
M-register, for control-storage accesses, the output of bits 0 and 
1 of ACB 1 may be altered on the input to the compare circuits. 
Circuits shown on this page test the status of bits 0, 1, 5, 6, and 
7 of ACB 1. 

Effectively, the output of bits 0 and 1 to the compare circuits is 
calculated in the following manner. 


Main Storage Size ACB 1 bits 0 and 1 
112K Decrement by 1 
160K . Gate straight 
208K increment by 1 


256K (and above) Invert bit 0. 
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SYS (System) Register 


The system register gives the status or condition of the processor 
SYS reg is an exteran! hardware register located at word address 
05, 


Byte 0 © : 
Bit 0 Machine-check interruption pending 
1 Retry routine 
2 Machine-check routine 
3. Documentary console 2 
4 Log present ; 
5 Sub-block protection mode 
6 Selector channel Start 1/0 latch 
7 Force module 0 to LSCS 
Byte 1 
Bit 0 Address contents 
1 CPU interrupt force 
2 SAR interrupt force 
3 PSW restart 
: : 
5 System control interrupt 
6 Timer interrupt force 
7 Reserved 
Byte 2 
Bit 0 Enable clear switch 
1 IMPL 


2 Load file wait bit . 

3 CE key in CE mode : 

4007 \ 00 System reset — 10 subsystem load (IPL) 

§ ____. J 01 Power-on reset — 11 system toad (multiprocess) 
6 Error in stop word . 

7 Instruction processing latch 


Byte 3 H-Register 


Bit 0 Machine-check trap 
1 Retry trap 
2 CPU high trap 
3 Integrated file adapter (IFA) if installed 
_. Selector channels 1,2,0r 3 if no IFA 
4 Selector channels 1,2,0r 3 if [FA instatled 


Selector channel 4 if no IFA 
Multiplexer channel 

IFA if installed 
Store-dispiay 


Nao 
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PRIORITY OPERATIONS — H-REGISTER - 


Priority Operations 

Priority operations, which may be related to the current operation, 

can cause delay of the current microprogram routine. Most (not 

all) of the various priority operations are initiated by traps. A 

trap is basically a circuit-forced branch out of the current micro- 

program routine to a priority routine. After the priority routine is 
completed, a return can be made to the interrupted routine so that 
its execution can continue. ©” : 

The interrupted routine is delayed further when several priority 
operations occur at the same time. Or, in some cases, the interrupted 
routine may.be ended by the occurrence of a priority operation. 
For example, if an instruction address that specifies an unavailable ; 
main-storage location is used, an address-check priority operation 
occurs. The microprogram routine, in which the invalid ial: is 
used, is discontinued, 

A hierarchy of execution preference exists within the priority- 
Operation structure, Pxecition preference is exhibited in two 
instances: 

1, Circuit requests for two or more priority operations occur 
in the same CPU cycle. The highest-priority operation is 
executed first; the next highest second, etc. 

2. During execution of a priority operation, a request for a 
higher-priority operation occurs, The higher-priority 
Operation is executed; the lower-priority operation is delayed 
until completion of the higher-priority operation, subject 
to the rules of execution of priority operations specified 
later in this section. 

Selector-channel data-transfer Sperations have the highest 
"priority but do not use the trapping mechanism. All of the other 
Priority operations use the Mepuiea mechanism, which functions 
in the following manner. 

1, Ina CPU cycle, a priority operation request is recognized, 

2. The control-storage address of the first control word in the 
priority microprogram routine is set into the M-register in what 
is known as the trap-1 cycle, the cycle following the one in 
which the request is recognized. (The normal next-control- 
word address, generated by execution of the word in progress, 

_ is set into the N-register.) The address set into the M-register 

is forced by circuitry and depends upon the priority operation 
for which the request is made. 

3. The first word of the priority operation is read out. of contro} 
storage and set into the C-register. Normally, this first word is 
a branch and link word. 

4, The branch and link word stores the contents of S, P, N2, and 
N3 into a fink location in local storage. (N2 and N3 contain the 
address of the word that would have been executed next if the 
trap had not occurred.) The cycle in which this occurs is calfed. 

« the trap-2 cycle, 

5. The priority routine is ascocuted: Normally, the Jast wordi in the 
priority routine is a return word. This word loads the link 
information back into S, P, M2 (N2) and M3 (N3). 

6. Execution of the interrupted routine is resumed at the control 
word specified by the link (return) address in M2 and M3. 
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Trap Operation 


TRAP.1 CYCLE TRAP-2 CYCLE 
Set By: 





Set By: 

1, (Not) Inhibit 1. Trap-1 INLK 
Traps. latch on. 

2. Request 0-9 2. 0-45 Time 

3, O-Time 

4, (Not) Stg. 1 cycle 


Purpose: Purpose: 


1. Forces module 
address to M2 
(N2 buffer). 


. SetsTR 1 INLK . Normal M3 (N3 
tatch at 90-135 buffer) addr 
time. : update. 


1. Prevents any 
additional traps. 


. BAL operation 
stores S, P, N2, 
N3 in tink area 
{values that 
were set during 
the trap-1 cycle). 


.. Prevents normal 
set to M-Reg. 


TRAP-3CYCLE | TRAP-4CYCLE 


Set By: Set By: 


1, Trap-2 INLK 1, Trap-3 INLK 
latch on. latch on. 


2. 0-45 Time 2. 0-45 Time 


Purpose: 


1. Reset Block SPTL 
(Set at TR 1 cycle). 


Purpose! 


1, Normal address 
update to M2 


2. TR 3INLK latch 
set at 90-135 
time. 


*Trap-3 and 4 cycles prevents continuous 
looping of Trap-1 and 2 cycles if an error 
is in the SPTL area. 


. Forces trap 
address to M2 
& M3. 


N2 and N3 set 
Normal 


6. Set Block SPTL. 


. Execute last 
word of inter- 
rupted routine. 





4. TR 2 INLK latch 
set at 90-135 
time. 


*BAL is normally 
the first word of a 
trap Routine. 


Trap address 
Set in M-Reg. 
N-Reg Set 
Normal. 


Trap-1 Cycle 


(Execution of 1 
Last Control ! 
Word) i 


Priority 
Operation 
Request 
Recognized 


(Execution of First 


Control Word of Trap ~ 


Routine) 


Trap-2 Cycle 


Trap-3 Cycle 


o 
Branch and Link 
Word stores S, P, 
N2, and N3 ina 
Link Location 


Trap-4 Cycle 
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Execution of Next 
Word of Normal 
Routine 


paneer -————----/ 


tad dt gmtmatens 






Return word loads link 
information into S, P, 
M2 (N2) and M3 (N3) 


H-Register 


Many priority operations cause an H-register bit to be set on in 
the trap-2 cycle. The priority operations and associated H-register 


bits are: 

' Operation —~ H-Register Bit 
Selector share cycles none 
Machine check without 1/0 HO 

a. Normal ; 

b. HO is already on 

c. One or more machine 

checks have already 
occurred (SYSO) 
Bit 2= 1) 

d. HO and SYSO Bit 2 are 

already on 


Machine check with 1/0. HO 
a. Normal 
b. HO is already on 
c. One or more machine 
checks have already 
occurred (SYSO 
Bit 2= 1) 
d. HO and SYSO Bit 2 are 
already on 


Retry ; H1 
a. Normal 
b. H1 is already on 
c. Aretry trap operation 
is in progress (SYSO_ 
Bit 1 = 1) 
d. H1 and SYSO Bit.1 are 
_ already on ; 
CPU High ; H2 
a Ser tc 
b. CA trap. ; 
c. Address contents 
d. System reset 


Integrated File Adapter ; H3 
a. Mini-Op end , 
b. Error end 
c. Index 
d. Gated Attn or D ADR 


Selector Channels 1, 2, 3 H3 
{without IFA) 
a. Exceptional status trap 
b. Chaining (command or data) 
c. UCW handling 
d, D AOR trap 


- Trap Address 


none 


D000 


D004 


D008 


pooc. 


DO10 
D014 


D018 


DOIC 


D200 
D204 


D208 


D20C 


D300 


D304 
0308 
D30C 


0128 
D12C 
D124 
D120 


D120 
0124 
~ D128 
D12¢ 


Operation H-Register Bit Trap Address 

Selector Channels 2, 3/4 H4 . 
(with 1FA:SX2, 3; without IFA:SX4) 

a. Exceptional status trap e D100 

b,. Chaining (command or data) D104 

c. UCW handling ; : ‘ D108 

d. DADRtrap_ ~ .010C 
Multiplexer channel H5 D400 
Integrated File Adapter H6 

a. Rettrn low 0480 

b. Unused "D484 

c. Unused ‘ ; D488 

d. Diagnostic : - D48c 
Store/display H7 - 

‘a. Store/display D840 
CPU low without 1/O , None - 

a. Spare = 

b. Storage protect - 9804 

c. Address check D808 

d. ADR ADS exception : ; pso0c 
CPU low with 1/0 None - 

a. Spare - 

b. Storage protect D814 

c. Address check D818 

d. Spare . - 
Scan/Clear None ~~ 

a. Scan storage D380 

b. Clear storage D384 


The following rules apply to execution of priority operations: 
1. A selector share cycle can break into any operation except 
the first cycle of a storage control word and during an ECC 
retry of a control word. 


2. Any trap priority operation can not break into either: 


a, the first cycle of a storage word operation, or 


b. a trap-2 cycle operation. (That is, a trap-2 cycle can not 
be a trap-1 cycle for another trap.) 


3. tf H1 ison, all other priority operations (except HO—machine 


check—and selector share cycles) are prevented. If, however, 

_ a diagnostic trap occurs, it is executed, even though H1 is on. 
Also, if the system is in a single-cycle mode of operation, a 
store/display trap can be executed even if H1 is on. 


4. If H3 is on, an H3, H4, H5, or H6 trap cannot be taken. If H4 


is on, an H4, H5, or H6 trap cannot be taken, If H5 is on, HS 
or H6 cannot be taken. If H6 is on, an H6 trap cannot be 
taken. In any of these cases, the H3, H4, H5, or H6 trap 
remains pending until after H3 {or H4 or H5) is turned off. 


5 Nea@etor share cycles can detay execution of other traps for a 


number of cycles, depending upon the rate at which share 


cycles occur. 


. Discounting the effects of the various non-H-Reg priorities 


(share cycles, CPU low, scan/clear), the following hierarchy 


applies. 


H-Reg 
Bit 
HO 
H1 
H2 

~H3 
H4 
H5 
H6 
H7 


Blocks Trap Request 
for H-Reg Bit 

None 

H2,3,4,5,6,7 

H2 

H3,4,5,6 

H4,5,6 

H5,6 

H6 

H7 
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Share Cycle Priority Operation (Applies to: Selector Channel, 
- Block Multiplexer, IFA). 


" Priority operation for selector-share cycles is as follows: 


Without IFA 
1. The priority sequence is selector channel 1, 2, 3, and 4. 


2. A share-request for selector channel 4 is taken if no other 
request is pending. 


With IFA 
1. The priority sequence is selector channel 2, {FA, and 
selector channel 3. 


Machine-Check Priority Operation (HO) 


A machine-check trap occurs {if allowed by the machine-check 
bit in the PSW) because a series of retry operations has been 
unsuccessful. The number of retry attempts is determined by a 
hardware counter. Basically, a machine-check trap occurs either 
because errors are occurring faster than can be handled or because 
a hard error cannot be successfully retried. 


An attempt is made to form logout information and initiate a 
machine-check interruption (depending upon the value of the 
machine-check bit in the PSW). The validity of such logout infor- 
mation may be unpredictable if the machine-check trap is called 
for. 


Retry Priority Operation (H1) 


The retry routine is entered through the retry priority operation 
(trap). The retry priority operation occurs when any machine 
check occurs if the retry counter is not fuil, retries are not masked 
off, and system register byte 2 bit 6 (indicates stop word error) 

is off. Depending upon the nature-of the error and the word type, 
the error may be detected during execution of the failing micro- 
Program word (Type 1), during execution of the following word 
(Type 2), or may be detectable but uncorrectable (Type 3). 


CPU High Priority Operation (H2) 


System Reset Microprogram 


The system reset microprogram is executed after a circuit system 
reset has been performed. This action is initiated by operating: 


1. The system reset key 


2.. The load key. 
System reset causes various CPU registers and controls to be 
reset. 


Integrated File Adapter High Priority Operations {H3) 


Four trap addresses are provided for Mini-Op End, for Error End, 
for Index, and for Gated Attention or D ADR. 


Selector Channels or Block-Multiplexer Channels 1, 2 and 3 (H3} 
When !FA is not present, four trap addresses are provided for _ 
channels 1, 2, and 3: for Exceptional Status Trap, for Chaining 


(command or data), for UCW Handling, and to protect the next 
entry of the D ADR list. 


Selector Channels and Block-Multiplexer Channets 2, 3/4 (H4) 


Four trap addresses are provided: for Exceptional Status Trap, 
for Chaining {command or data), for UCW Handling, and to 
protect the next entry of the D ADR list. When IFA is preset, 
this trap is shared by channels 2 and 3. For non4FA, this 

trap is for the sole use of selector channel 4. ; 


Multiplexer Channel (H5) 


This trap is for the sole use of the multiplexer channel for handling 
data, status, and chaining functions. 


Integrated File Adapter Low Priority Operations (H6) 


Four trap addresses are provided for Return Low, and for 
Diagnostics. The other two are not assigned. 


Store/Display (H7) 


Store/Display pertains to system control panel operations. 


CPU Low (No H-Register Bit) 


Address Check 

This trap occurs when an access to an unavailable main-storage 
area is attempted. 

Storage Protection 

This trap occurs because of a storage-protection violation. 
Address Adjustment Exception 

This trap is used with DOS emulator. 

Scan/Clear (No H-Register Bit) 


These traps are used for a clear-storage and a scan-storage 
Operation. : 
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Priority and Trap Controls 


Request 0-9 






















“STACK LATCHES* 


O Any Mach Chk 
1 Retry . ; 
2 CPU High 
3 SX 1,2,3 or (FA 
‘4 SX 4 or 2,3 UIFAI 
5S MPX or Doc Cons 
6 IFA 
7 Store/Disp 

(Doc Cr rs) 
B CPU Low 
9 Scan/Clear 


RHO11 - RHO12 


1-C Trap Request . 


RHO 


“Nore: The request latches are reset during Trap-1 cycle and 

not set again until the Trap-2 cycle. This prevents Trap-2 cycle 
from being a Trap-1 cycle for s higher priority trap. 
ee alae (Not) Storage-1 Cycte 


(Not) Inhibit All Traps 


0-45 Time 


(Not) Block Trap 
Set/Reset 


' Good Data 


90-135 Time 


|_wnes | orerarion 


Mach Check Note: The priority sequence 


Retry is HO - H7, (HO has the 
_ highest priority.) 


{Trap Request) CPU High 


SX 1, 2, 3, 
or 1FA-High 
SX 2, 3,4 
MPX 
tFA-Low 
Store/Display 








Priority 0-7 
Trap-1 Cycle 


Good Data 
135-180 Time 


RH021 - RHO23 





Priority OA 






PH 


FORCE 
ADDRESS 


To SAR 






Byte2&3 











(Not). Trap-1 Inttk 
{Not} 0-Time Dly 
0-Time 







(Set/Reset) 
M2~RM031, RMO32 


M3—RM041, RM043, 
RM044, RMO52 





RH014, RHO17, 
RHO18 


TR1 Cycle 


PH 
TRI 
INTLK 


TR2 Cycte TR 3 Cycle: 


PH PH PH PH PH 
TR2 TR2 TR TR3 TR4 
INTLK INTLK 
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EXTERNAL FACILITIES . CPU 4 





























M2 Gating (Traps) 

Gate N2 to M2 - baa Asm 
: N-Rieg Byte 2 M2 Set Normal . 
Gate 82 to M2 Term for Aty 

¢ B2 to M-BFR Set/Reset 6E213 
M2 Reset (0-Time) RM122 = (45-Time) _MB-Reg Set/Reset 
eibaliaas ee AM112 AM123 (0-Time) 
M-Retry Reg Byte 2 
RAR135 
Force Addr Byte 2 | 









(Nod Set Share Cycie 
Trap-1 Cycle 
_ OTime 


M2 Set Traps A 


_ (Not) Mode Sw Function 

Trap-2 Cycle 
«Not) Stg K Addr 
(Not) Current Mod 






















RM112 

M2 Preasm Rty-Diag-ACB Asm 

. Gate N2 Normal BE231 
N2 BFR Set/Reset i pebucantdeced peal ain Rty 
M2 Input Asm RM112 = (45-Time) RM1i13 (135-Time) : 
, M-Re, -3yte 2 
N * 
Gate Trap to N2 peice 
Force Addr Byte 2 


RM 033 


M3 Gating (Traps) 


= Gate N3 to M3 
N-Reg Byte 3 


Gate C3 to M3 
C-Reg Byte 3 


Gate C2 to M3 
C-Reg Byte 2 


M3 Set Traps 


RM041,RM043 Force Addr Byte 3 
RM044,RM052 


A M3 Asm : 
8 M3 Set Normal-A oF M3 MB3 
| BFR REG 
M3 Reset 
Q RM112. (0-Time) . N3 BER Set/Reset : MB Reg Set/Reset 

Gate B3 to M3 . eae RM112  (45-Time) RM113. (0-Time) 8 

B-Reg Byte 3 : RMO44, AMOS2 -  RMO13, RMO52 RM013, RM052 
= 8 : A 


RM041,RM043 
RM044,RM052 

















Gate B3 to M3 Rty-Diag-ACB Asm 
B-Reg Byte 3 BE241 
Term for RTY 
M3 Asm N3 BFR Set/Reset N3 Set/Reset BE243 
RM113 (45-Time) RM113 (135-Time} 
RM045,RMO5S2 M3 Bits 
: . RMO045, RMOS2 RMO4B, RMO52 ; RMO44 


Internal: M1 
MC022 


Display Assembter 


Match Circuits 
PMO12 


M3 Parity Gen 
RMOES 


3145 TM CPU 45 


I~CYCLES 


we § 


Processing a single software instruction may be divided into two 


“parts: the | (instruction) phase and the E (execution) phase. 
. Instructions are defined to be in different groups according to . 
their format, length, and general form of execution. 


The t-phase of processing performs the following basic functions: _ 


"@ Fetch instruction 


__ ©, Initialize the CPU facilities for the completion of the processing. 


= During the E-phase, the CPU performs the unique functions — 
.” Specified by the instruction op-code. . 


First Halfword Second Halfword Third Halfword 
p—eveo [eet | ere? | Ores | Svea | Ores | 









' 
| 
| 
RR, 00-3F OP — CODE | Ry | Rp | 
' 
. : 
1 


mxaore  [or-co0e [| | f | _Oammarany | 


| _ | 
‘ ‘ i] t 

: 
| 

' 1 









“3 The immediate byte is the byte following the op-code 


‘op-—cope |» 


2-3-4 5 6 -7- 
OPERATION 








ADD (1A) 
ADD (5A) 
SuB (58) 
OR (16) 
OR (56) 
OR (96) 
OR (06) 


in halfwords 


Cee eT ee ee eee) 
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* CYCLES. CPU 48 

I-PHASE FUNCTIONS - 

The initialization of CPU facitities for the E-phase depends 

partially upon instruction type. All instructions require an 

updating of the instruction counter, the setting of the specified 

CPU Regs, and a branch to the start of the execution routine. In 

addition, some instructions require the fetching of the second 

operand from a general register, or the calculation of operand 

addresses. 

At this point, some observations may be made about the I-phase 
functions. For example, the RX and RS/SI functions are very wea 
similar. In fact, during the !-phase, an RS/S# instruction is handled 

; exactly the same way as an RX instruction with the X2 field equal. 
to zero, Also, some functions are identical, with only the data -° 2: 
value depending upon the format and op code (SPTL, U, and | 
tipdate).- ; : ° 

. \ Note also that the E-phase for some instructions is identical: 
such as, AR and A, NR and_N. The difference between these RR 
and RX types of instructions occurs only in the source of.the 
second operand (generat register or storage). Saving some control- 
storage words and time is possible by including the operand fetch 
as an I-phase function for such RX format op codes. 

“> The Iphase functions may now be illustrated as follows: 


ee §-PHASE FUNCTIONS BY INSTRUCTION LENGTH 
__ PHASE FUNCTIONS BY INSTRUCTION . 













Fetch 
instruction 





RR (Length 1) RX, RS/SI SS (Length 3) 
(Length 2) 


1. SeriBu, | . Set IBU, b iateas 1. Set IBU, 1. Set IBU, 





































: “ : SPTL, U. 

2. ere 2. Cae. 2. are 2. Update I- Mia ot Calculate Calculate 1. Set 1BU 
Regby2. |. 4: Reg by 4. Reg by 4. Reg by 6. ph ras operand — operand 2. Set SPTL, 

3. Fetch d . Catcutate 3. Calculate 3. Calculate : Ni ae address using address using - Uper instr, 
Operand operand operand operand ae a X, 8 and Disp. B, and Dispt, 3.. Update I-Reg 
from ; address : address address if 2 words). Put result in B2 and Disp2. . by instr. 
general using X2, . 2 using Bo using B1 V-Reg. Put results in length. 

Reg and , B2 and 7 - and Disp. and Disp1, V- and W-Regs. 


putin Y ‘ Disp. Put : Put result B2 and 

land Q if “result in “ye in V-Reg. Disp2. 

2 words). V-Reg. Put results 
in V- and W- 
Regs. 





Fetch operand 
from storage. 
Align as req'd. 
_Put data in Y.: 
(and Q if 2°. 
words), 


Proceed to 
Execution 
Routine 





Proceed to 
Execution 
Routine. 


Hardware Functions 


Each software instruction processed requires performing the 3° 
previously mentioned i-phase functions. Minimizing this time 

and thereby reducing the time required to process a given 
instruction is desirable. To minimize the number of machine 

7 cycles required-during the !-phase (that is, the !-cycles} some 

. functions are performed by hardware: Additionally, some other 

characteristics of the machine are more fully exploited by hard- . 

ware means. : . . 

__ First consider the previously defined !-phase functions which 
apply to all instructions. Hardware is used to perform the 

setting of IBU, SPTL..U, and the 1-Reg update. These functions 

do not require microwords to be performed; hence, they do not 

require any additional time during !-cycles. 
Now consider the function Proceed to Execution Routine. To . 
perform a hardware-forced branch, define the starting control- 

'. storage address of each execution routine as a function of instruc. 
tion op code. The hardware branch on the op code does not 
require any additional time, because no microword is used to per- 
form the branch and module switch. : 

The interface between storage and the CPU provides a double- 
word transfer of eight bytes of data. During a read type of 
microword, the SDBO assembler provides the selection of the 
addressed word (halfword, or byte} from the doubleword actually 
read. The f-cycle hardware provides for buffering the entire 
doubleword from storage, via a time-slotting of data from SDBO 
to EB!. When an instruction is fetched from storage, the ad- 
dressed word is routed from SDBO to the |-buffer, via EBI, dur- 
ing the normal destination time in storage-2 cycle. During the 
next cycle time, the odd word is gated to EB}, and placed in the 
\-buffer. This time-slot action occurs when no decrement count 
function is specified by the storage microword. Therefore, up to 
two words of data from the instruction stream can be buffered 
when fetching one instruction from storage. Upon completion of 
the instruction being processed, the next instruction may be avail- 
able in the buffer and, therefore, need not be fetched from 
storage. ; , 

A savings in processing time becomes obvious, especially if the 
doubleword being buffered represents four RR instructions. The 
concept of buffering a portion of the instruction stream can now 
be extened to include pre-fetching: Although the buffer does 
speed subsequent instructions, the fetch of the first (current) 
instruction does require some time. Having the current instruc- 
tion resident in the buffer is always desirable. To get to this !- 
buffer condition, the instruction must have been obtained at 
some point during the previous instruction. This function of — 
reading the next instruction from storage to the I-buffer is termed 
prefetching and is performed during t-cycles. : 

- As described in “Expanded Local Storage,” the TR Reg always 
contains a value representing the next doubleword address beyond 

..the current !-Reg value. The TR-Reg is always used as the storage 
address during a prefetch, and the SOBO time-slotting is forced to 
provide the even word; then the odd word: This guarantees that 

the I-buffers are loaded with sequential data. 


1 





Fetch 
Instruction 
{if req'd) 


1. Fetch operand 


from general operand operand 

Reg, and put address address 

in ¥ (and Q using X, B using 81 and 

if 2 words). and Disp. Disp1, 82 and 

. Prefetch Put result Disp2. Put 

next instr in V-Reg. results in V- 

if req'd. 2. Prefetch and W-Regs, 
next instr. 2. Prefetch next 









The I-phase functions at this point are: 


Begin t-cycles 












Instruction 
is buffered, 
proceed 













SS (Length 3) 


1. Calculate 


RX, RS/SI 
{Length 2) ~ 
1. 


‘4. Catculate 




























if req'd. instr. if req'd. 


Fetch 
operand 
from 
storage 
align as 
req'd. Put 
data in Y 
(and Q if 2 
words), 


_ + Start Execution Routine me ee ee ee oe oe oe 


(Hardware Function) 


Set SPTL, 
U per 
Instr. 


Update I-Reg 
by Instr. Length 


Provide Start 


Address of 
Execution 
Routine 
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Microcode-Hardware Functions 

The complexity of the t-cycle functions are increasing. On a pre- 
vous diagram (CPU 49) selecting one of three paths after fetching 
the instruction was necessary. Here also required is to: 


@ Determine source of instruction (storage vs. buffer). 
@ Select path if instruction is in the I-buffer. 
®@ Determine whether a prefetch is required. 


Also minimizing the time required to perform each of these 
functions and the basic !-phase functions is desirable. 


Microcode branch operations requires CPU time. 1-cycle hard- 
ware can force a control-storage address to the M-Reg. (for 
example branch on the op cade). This facility is expanded to 
include all addressing within I-cycles. The I-cycle hardware 
provides the starting address of the t-cycle routine to the M-Reg, 
as a function of I-buffer status, instruction format and prefetch 
requirement. When the CPU encounters a RTN word (to !-cycles) 
this address is set into the M-Reg and the |-phase of the instruction 
begins. Thereafter, except for some parts of the RX-align routine, 
the I-cycle hardware provides the next contro!-storage address 

_and a gating signal to. the M-Reg, until the execution routine has 
begun. The !-cycle hardware then initializes for the start of the 
next I-phase. 

The minimization of time spent performing the basic !-phase 
functions requires more hardware control. The {-cycle hardware 
controls the data inputs and setting of the SPTL Regs and uses 
this facility to select general registers from local store. By setting 
the P-Reg to a value of 02 or (62) and gating a portion of the 
instruction to the L-Reg (R2, X, or B), the microcode can indirect- 
ly address any general register, including floating-point registers. 
This gating to SPTL is done by hardware, and is, therefore, 
transparent to the microcode. Note that setting SPTL to the 
desired value one machine cycle before use is necessary. 

Furthermore, the I-cycle hardware can force and/or block 
gating of data through a portion of the Expanded Local Store. 
This capability is utilized as follows: a microword is executed 
performing the arithmetic operation of V = LL+V. During the 
previous machine cycle, a value is set into the P- and L-Regs of: 

P = 02, and L = R1B2 (for an RX format instruction). The under- 
lined data value gives the general register specified by the B2 field 
of the instruction as the data source of the A-Reg. Although 

the microword is attempting to source the V-register, the I-cycle 


hardware blocks this Expanded Local Store source, and forces the 
Disp 2 field through the gating to the B-register. The microword 
function of adding the A- and B-Regs is then completed, with the 
result destined to the V-register. Thus, the microcode and I-cycle . 
hardware are combined to perform the function of: 
V = Base + Displacement 
Most of the !-cycle microcode/hardware functions is performed 
this way. ; ; 
Another significant interaction of microcode and hardware 
occurs when prefetching and calculation of an operand address 
are performed simultaneously. The microword executed during 
a prefetch is of the form: ROW LL ADJ, V + 4. First, the V-Reg 
is blocked as an address source. Then, the TR-Reg is substituted 
as the address source for the M-Reg, with gating performed via 
the PAA, and I-cycle/ADR ADJ path to the M-Reg. At the same 
time, the Disp field is gated from the I-buffer through the 
Expanded Local Store to the B-Reg. The A-Reg data source is 
an indirectly addressed general register, as previously described. 
This form of microword normally performs an update of the B- 
register value; however, this function is blocked and changed 
to an A+ B operation. The function, V = Base + Displacement, 
is, therefore, performed during the storage-1 cycle. During storage- 
2 cycle, the destination of data to local store is blocked, and SDBO 
is time-slotted to the !-buffer, as previously described. 


Because the I-cycle hardware and microcode are expected to 
operate simultaneously, the microcode must consist of specific 
microwords at fixed addresses. This is obvious because the hard- 
ware is providing the control-storage address for the microwords, 
and then performing hardware functions coincident with the 
microword execution. What has not been obvious is how the 
hardware remains in syne with the microcode. This function is 
performed by routing the M-Reg output back to the !-cycle 
hardware. Thus, when the M-Reg contains a value corresponding 
to the control-storage location of an t-cycle microword, the 
i-cycle hardware can determine what functions are to be per- 
formed at the next 0-time (that is coincident with the micro- 
word execution}. 


This introduction has provided the basic functional concepts 
of the hardware |-cycles. Significant omissions include trapp’ng, 
share cycles, correction cycles, error conditions, etc. The hardware 
description in the rest of this section has sufficient explanation 
for these conditions. The basic I-cycle functions are described 
“Microcode-Hardware Relationship,” page CPU 51. 


CYCLES 


CPU 50 


Microcode-Hardware ReS@enship 


Microcode Function 










Execution 
Routine 





RTN word, end of 
execution phase, 
go to I-cycles. 









Fetch 
instruction 
from storage 







RX, RX/SI (Length 2) 








RR (Length 1) SS (Length 3) 









































1. Calculate 
. 1.. Calculate operand opeacd 
1. Fetch operand "address using X, 8 address 
from genes. and Disp. Put result vane Fone 
Reg and put in Y in V-Reg. Disp fields. — =< a 
and U if 2 words) 2. Pretetch next instr. Fat see 
2. Prefetch next if required. in V- and W- 
instr, if req'd. Regs. 
: 2. Prefetch next 
instr. if req'd. 


ee a 


eee are eee ree 


Basic !-Cycte Functions 


1-Cycle Hardware Function 


Inactive, But 
provides initiat 
values at data 
entry for SPTL, 
and M-Reg. 


Begin i-cycles. 
Set 1BU. 
SPTL, M-Reg are set. 


Control data 
and setting 

of SPTL, M- 
Regs. Set U- 
Reg. per instr. 
Manipulate 
\-buffer as 
required, 


Provide start 
address of 
execution 
routine per 
op-code, 
Update 1-Reg 
by instr Length. 


Initialize for 
next instr. 
t-cycles. 
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~ (-Cycles Microcode Module Assignment 


The t-cycle microcode routine (GAAI) resides in the DF module 
of control storage. The control-storage address, hardware functions 
generated, and microcode are directly related. Specifically, the 
hardware generates control signals (and a next control-storage 
address) from the contents of the M-register, so as to be active 
{and coincident) when the contro! word executed from that 
address. 

The DF module is active if bit 1 of the Mode Reg (external 
address 08) is on. 


MICROPROGRAM MODULE ASSIGNMENT 


RTN to I-CYCLES 
(any address) 


$$$ SOF TWARE INSTRUCTION ————______________»| 


[~—_—_—_—_——_1-PHAsE —_—______»>| 
———_______---—_+ 
ALIGN ke———————__—_ £-PH ASE ———_____—______________»] 


- Decode Format and 


Op-Code 


. Calculate operand 


addresses and/or 
fetch operand. 


. Define ILC, 
. Branch to appropriate 


execution routine 


. Control t-Reg. 


CHECKS 
1. 


instr. Address Check 
(Not halfword boundary) 


2. STG PRT-check 


3. Address translation check 







Hardware Branch 
to execution 
routin», 


1. Read data 
2. Store data 


| 3. setcc 


| 
| 
| 
| 
| 
| 
| 
1 
| 


4. Perform any operation 
and use the Operands, 
prepared in t-Phase 






GARS 


Cx-Madule 


GARX 


Cx-Module 


CHECKS 


Operand address check 


. Operand STG PRT check 

. Operand address translation 
. Specification exception 

. «valid operation 


{analyzed in 1-phase) 


. Privileged operation 


Micro WD Branch 
to required Routine 
or RTN to ICY's 


x = Op code high-order 4bits 


_ CYCLES 


CPU 52 


I-Cycles Microcode ©... Hardware-Loading of 1-Buffers 




























ge. 
. - ORTNANK 
: Note 1.. The branch read latch is set: 
1. When the execute fatch on. 
2. Any time the i-Reg is destined. 
oO BR low 3. With a CPU Low Request during Prefetch. 
“Ott or 114 4. If V or W=-1 or TR during a storage word. 
5. If the address compare switch is 
1 Siem Bre on | COUNTER (real) and 
" address compare control switch is not 
Handle the interrupt; in the NORMAL position. Note that this 
. then issue a RTN LNK mode of operation blacks any prefetching paths. 
Yes Use LS 3D for RTN Note 2... The op joad latch is set: 
1. When a Prefetch is blocked and the 
next op-code is available. 
: : 2. When current instruction is not fully contained 
Dia in Bulles Ney Good in 1-Bfr {requires a further fetch). 
DFOC Note 3. Delay words to set control address » 
ROW Y ADJ, V+4 
Fetch Required 
GAAt 
Bit 31 of Yes cse4 
_lorve=t (Odd Byte Boundary) Specification 
Check 
No | 
ce 
y=¥,S0 
Time delay 






Is 
current instr. 
fully in 
“BFR 


[_oF6o Notes 
y=yY,S0 
Time delay 






Op 
Load 
Latch 


Off 


mete RDW Y ADJ. V 


Y¥=Y,S0 
TIME DELAY 


I-CYCLES 





Note 2 


Branch 
on 
format 
of 
- opcode 





; @... Entry 


t-cycles may be entered (and the I-cycle controls enabled) by 
two RTN words: 


® Conditional: testing for interrupt. C3 bits 5-7 are 111. If an 
interrupt is pending, the RTN word is executed normally, 
and does not go to the I-cycle routine. If no interrupt, the 
return is to t-cycles. 


@ Unconditional: goes directly to I-cycles when C3 bits 5-7 are 
O11. 
The M-register controls the decode of the return and accesses 
control storage using the address inputs to the M-register fram 
I-cycles, The I-cycles inputs to the P- and L-registers are also 
gated. Data is maintained on these inputs by the I-cycle hardware 
when not in t-cycles (except when performing a storage address 
adjustment access). 


Initial 1-Cycle Address 


All t-cycle addresses are in the DF module. The initial address for 
a given instruction is determined by: 


@ The instruction itself, and 


@ The requirement for prefetching the next instruction. 


Current instruction Not Fully Contained in 1-Bfrs 


First, consider the two cases when the instruction is not com- 
pletely contained in I-Bfr. 


1. The first case (and highest address priority) occurs when the 
branch read latch is on. This occurs not onty from the most 
obvious case of macroprogram branch, (detected by the 
register being loaded from EBI), but also from: 


@ Program modification (detected by storing within the 
present, or next, storage doubleword address as com- 
pared to the !-register). 


@ A prefetch condition that was not filted during the last 
I-cycle phase. 


® Blocking a trap during a prefetch in the last t-cycle 
phase. 


®@ Being in real instruction address compare mode. 
@ Performing an execute macro-instruction. 


These examples are summarized as “whenever the instruction 
must be read from storage.” When the branch read latch is on, all 
other initial addresses are blocked and an address of DFOQC is sent 
to the M-register input. 


2. The second case (and next highest address priority) occurs 
when the op load latch is on. The condition for setting this 
tatch occurs when part of the instruction is in 1-Bfr, but the 
remainder is in storage, The latch is set during the previous 
I-cycte phase if it is determined that a prefetch is required, 
but blocked, and only part of the instruction is in 1-Bfr. When 
this latch is on, all other initial addresses are blocked and an 
address of DF 14 is sent to the M-register input. 


Current instruction Fully Contained In oD 

With the instruction fully contained in {-Bfr, the next condition 

considered for an initial address is prefetching. The rule for pre- 

fetching is that a prefetch is performed if the: 

@ Present instruction ends at a doubleword boundary (the 
next op code is not available) or, 


@ Next instruction crosses a doubleword boundary. This is 


determined by hardware as a function of: 


a. The halfword address of the present instruction within 
the doubleword, . 


b. The length of the present instruction, and 


c. The length of the next instruction. 


®@ A prefetch is blocked if the present instruction is decoded 
to be a branch type, or a special addressing case of an SS 
instruction, at an address of 6 or E 


The initial address is gated to the M-register according to the — 
following table: 


Without With 
Instruction Prefetch Prefetch 
RR (but not fit. pt. long) DF20 DF34 
RA (fit. pt. long only) DF24 DF3C 
RX (double index only). DF4C DFSC 
RS, S!, RX (not double index) OF48 OF58 
ss DF6C DF?7C 


1-BFR SET CONDITIONS FOR MOVE I-BFRs 


1. RR op and even halfword =do nothing 

2. SS op and odd halfword =$/f 0,1 S/R 1 

3. Neither of the-above conditions =$/R 0 S/R1 

4. Prefetch and the next instruction isnot =S/R 0,1 S/R 1 

fully contained in the |-BFRs 
I-BUFFER SET CONDITIONS FOR STORAGE WORDS 
(begin in Stg 2 cycle) 

1. Prefetch and the next op is not available =S/R 0,1, 2 S/R 1.2 
2. Prefetch and the next op is available =S/R 1,2 S/R:2 
3. Branch load latch =S/R 0, 1,2 S/R.1,2 
4. Op load latch =S/R 1,2 - S/R 2 
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-Cycles Microcode and Control Hardware-Calculate Operand Address and Perform Prefetches 
CPU 53 , 


4) : a ae 
f No 
Prefetch Y = LL, DF 
Y = 2nd Operand 


“RR 
00-3F 
















PREFETCH 
ROW LL ADJ, V 
Y = Lt, DF 

Y = 2nd OPRD ' 


Yes 


: : No 
AX y 
40-7F : 


CPU 55 


OF 28 






Y= Lt, OF 
Y¥ = high 2nd OPRD 


Q= ULL, DF 
Q = low 2nd OPRD 












Prefetch 
ROW LL ADJ, V 







Y = LL, DF 
Y = high 2nd OPRD 







* _ No 







124V=LL+V 
V = Ba (2) * O44) 





PREFETCH 
ROW LL ADJ, V+4 


V = By(2) + Oy¢2) 


[ores sd 
No : : 
4aW=LL+w . 124V=LE+V 
W=8, + Displ. , V = By + Displ. 9 


_Prefetch 
ROW LL ADJ, V+4 
V=B, + Displ. 4 


















* Prefetch: The next instruction is not fully 
contained in the buffers. 


NOTE 1. X=0, if R, and R, = 0,2,4, or 6 (even) 
X=4, if R, or Ry = 1,3,5, or 7, or greater than 7 (odd) 







i24W=LL+W 
w-8, + Displ. 







a ee ee eerie 








©200-CBFO 





CCOO0-CFFO 





Hardware Branch on Op-Code 
(Branch to execution routine} 


I-CYCLES 


CPU 54 














OFA4 


W =LH, OF 


DF80 


RTN LNK 


CPU 54 





C400-C430 
C440 if attempting 
two execute instr. 


'pentaiaenteaienten 








PERFORMA 
HARDWARE 
BRANCH ON THE 
MODIFIED OP- 
CODE 

(Branch out of the 











4veLlLt+v 
V=B, +02 







DO} Atign 
D{ Routine 
0/4 

















(24V=LL+V 
V=(8,+D2)+X, 


Prefetch 
ROW Lt ADJ, V +4 | 
Ve Bot 05 


PERFORM A HARD- 
WARE BRANCH ON 
THE OP-CODE 
(Branch to an 

ALIGN Subroutine 

if required) 















C4D0-C530 
C600-C670 
Align 
Routine 


C€700-C770 


Align , 
Routine 








{244V=ELL+V 
V = (X, or Bo) + 
ber 


C28X-C2F X 


Notes: 


1 The execute latch is set when the W-Reg is destined. 
W-Reg byte 3 is stored in the imm-Byte-Mod-Reg 
-and ORed with the Imm-Byte-Reg during I-cycles 
of the instruction. The t-cycle tatch and indicator 
go off when the execution-phase of the subject 
Instruction is entered. 





Prefetch 
ROW Lt ADI, V +4 


V = (X,0r B2) + OL 







2 ~~ ‘ff an execute instruction (Op-44) is attempting to 
; "use another execute Instruction (Op-44) as the 
*Prefetch: ‘The next instruction is not fully subject instruction. 
ee ESD an 3 X=0,if Ry =0,2,4, or 6. (even) 
, X = 4 if Ry = 1,3,5,7 or greater than 7 (odd) 
4 Use 4 if the previous word was a storage word (prefetch) 
Use 0 if the previous word was not a storage word. 


Ce ee ee ee) 


=~ exe ante eee] ame «ee eee eee eee ease eee ae fae awe eum ame cere eee eee ee ia ame oem cums cee ewe eae ies qe amas wee seem aoe om 
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i-Cycle Hardware Locations 


mozur-=z 





Channel 4020 : 
Direct Control 


- Phase 21 STG 


-{controt Stg. and 


__ high main Stg.) 


"Phase 21STG 


: {contral stg. and 


high main stg.) 


B GATE (CARD SIDE) 


* 3215 Console Printer- 


_ Keyboard 
Channel to Channel 


Phase 2] STG 


{112 or 160K) 


ADDR Adjust 
1, VW, U, 1, BU, TR Regs 


Logical Regs 


Phase 2I STG 


(112 or 160K) 


CPU Timer 
Clock Comparator 


Phase 2] STG 


(208) or 256K) = 


Channel Ctris. 
LRU Reg 


CPU ADDR ADICTRLS 


i-Cycle Ctrl. 


Op Code and I-Buffers 


Phase 21 STG 


(208 or 256K) 











CARD LOCATION & TYPE 
B-C3D2 Type 8551 
B-C3E2 Type 8552 
B-C3F2. Type 8653 


B-C3G2 


8-C3H2 


8-C3B2 


B-C3C2 


Type 8554 - 


Type 8558 


Type 7771 


Type 7771 





ALD PAGE 


RuUON 
RU012 
RUO13 
RU014 |. 
RUOIS 
RUOT6 


RU021 
RU022 
RU023 
RuU024 


- RUYOZS 


RuU026 - 


RUO031 


RU032 
RUO33 
RUD34 
RUO35. 


 RUO4I 
~ RUO42 


RU043 
RUD44 
RU045 


Ru051 
RU052 
RUO53 ~ 
RU0S4 


RUN. 
RUIT2 
RU113 
Ruii4 . 
RUI15 
RU1I6 
RU117 
RU118 


RU121 
RU122 
RU123 
RUt24 
RU125 
RU126 
RU127 
RU128 


Op-U2 Reg-Op Decode 
Op-U2 Reg-Op Decode 
Op-U2 Reg-Op Decode 
Op-U2 Reg-Op Decode 
Op-U2 Reg-Op Decode 
Op-U2 Reg-Op Decode 


tmm Byte-U3 Regs 
Imm Byte-U3 Regs 


_Imm Byte-U3 Regs 


tmm Byte-U3 Regs 
Imm Byte-U3 Regs 
Imm Byte-U3 Regs 


(-Cycles Generation 
1-Cycles Generation 
l-Cycles Generation 
ICycies Generation 
1-Cycles Generation 


|-Buff Ctrls and Gates 
t-Buff Ctrls and Gates 
(-Buff Ctris and Gates 
{-Buff Ctrls and Gates 
'-Buff Ctrls and Gates 


PAA Latches 
PAA Latches 
t-Cycles Controls 


i-Cycles Error Latches : 


i-Buffer 
{-Buffer — 
1-Buffer 
\-Buffer 
1-Buffer 
1-Buffer 
-Buffer 
\-Buffer 


\-Buffer 
{-Buffer 


|-Buffer 


\-Buffer 
{-Buffer 
|-Buffer 


‘1-Buffer 


1-Buffer 








“PCYCLEs 


CPU 56 





1Cycle Hardware Deserip ion 





The hardware Ieycle concept increases cPU barormanes by: 


a Buffering instructions and prefetching (using a hardware 
generated address for the next doubleword storage location) 
<2 instructions while calculating an operand address. 





e Performing hardware controls concurrent witht micro- Pee ae pre : : : 7 | sae 
program execution, =e ' Be = Berea, Ob oasis ae ts 


@ Instruction decoding via a hardware iereed branch on the ee 
eight-bit Op code, : : 


- Windows i in Data Flow Diagram: show the hardware ved 
ib heaicec tinge eS : 





EXPANDED 3 (toe | ose 
LOCAL STORAGE Pas rs] io” 


Ourt ane 
Gate 
CIRCUITS, 





TeeR 
DECIMAL 

oie DAS 
HECK 


Taney 
LOOK ANEAD. 


LOGICAL J 


cutee 


coin 


tae 





Retne 
rte, 
PEGISTER 


wanes SON 





satan: ate nale ke 
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I-CYCLES CPU 58 










D-Reg . a 


SDBO-Asin 


OS CSE | aE EE 
, oe a ee Se 


ByeOQ were a1.23 


BO, 1,2,3 
= 
. EXP LS : 





Add ‘One’ I 


—<—————  ADD CARAY jiicy 


yj 

too 

Ce 
Half-Sum 
Check 


TR EXP LS 


















Length Code ; 
- From l—C€ycle Ctris: 


U-Bus” 









To? Address 
M-Reg (= Assembler 







TMM BYTE] 
MODIFIER 











ADDRESS COMPARE 


Sd Any ‘| instr t= VorW 
| Address Counter TR=Vorw 
'¢0 1 SWITCHES 5 Set Branch 
; c 


ae ie 
E ‘S) (Oy Read Latch 
ans H 








LCycles Ctris By See aes 
*- Display in expanded focal, 
storage register 56 


2 . €& 
a 


EY ore 2, 1-2FR 1, i ee . 


Instruction Buffer (I Bfr): three one-word registers are used to hold 

















_ the present instruction and next doubleword (where passat: oie eh de : ee ad 
Loading of the registers is from EBI. fn 5 0123/4567 89ABICDEF 
Instructions are assembled on a halfword basis to obtain the : pee 
“at @p-code and immediate byte. The base and displacement fields are M3 bit 5-1 indicates that the oad word 
: gated from the I-8fr through separate assemblers as required. : ‘ information is to be loaded into ail fd tee: 
_. When the TR-Reg is used, the even/odd time-slot of data is forced, es © Ses . ip 
Ms When the |-Register is used, (DFoC) M3 bit 5 controls the eree. : 
~-Bit.5 off = even/odd =: pe eh 
it-on = odd/odd. 
BFR SET CONDITIONS for MOVE FBFRs i L- BU: “ER SET CONDITIONS for STORAGE WORDS (begin in Stg 2 cycle): 
. 1, RR op and even helfward :. _sdo nothing. ...” .-1, Prefetch and the next op is not available =S/R0,1,2  . S/R 1,2 
2. SS op and odd halfword . “. 88/R0,1 S/R1° “2, Prefetch and the next op is available =S/R 1,2 S/R 2 
“« Neither of the above conditions =S/RO S/R1 3. Branch load fatch ; =$/R 0, 1,2 S/R 1,2 
“4. Prefetch and the next instruction is not 4. Op load tatch =$/R 1,2 S/R 2 
"fully contained in the -Bfrs. =S/RO,1 S/R1 
; Low-Order 


ce Address Position : 


. ear Ia Haliword 8 | 2nd Halfword 2/A 3rd Halfword ac |. ath Haltword 6/E 














LLM: | B 
LZ. — 1 | Aas 
ZA titty Z GZ LLLP titi, ; 
Ze Z 4 | es ZAZA ——-AFAA| i 
E-F—4| Cape a SPTL Registers . ee 
i 7A == LLL oe " S-Reg Set from the op-reg for further use by the -—==—-Reg Set t0 a value of 02 (or 62 for floating point) to 
MZZZZZA EYED: Li : execution routine. allow addressing of tocal-storage areas containing 
GY, : tie: Ley 3 : . ; : "general registers. CPU working area, and festny ‘ 
EZ ji Z aioe YL : Ps : : point registers. 
a | een Se Eo ia The end of the doubleword in the I-Bfrs Le eg : : ss. Set time for SPTL.. se oe : ‘T-Reg Reset to zero for use in an align routine (if 
= E See PE ot “he : Sep orem aie aaa required). Ee 
= Content of Bfr not significant. fa is Sete od oe 1-Phase Beet ; ae 
epee hk = a = Baenainder of Doublewond. <. See oor. etnies ae 4 - L-Reg Set from the immediate byte register or base field 
Oy ees ee : -Phase che assembler to allow indirect addressing of the 
oe. ee One IBER Position us general registers and fhating point registers. . 
iia struction being operated on by I-cycle hardware. aoe ; a a 
The above chart represents the contents of the I-Bfrs for the 12 different combinations of instruction length and oo | E-Phase es 
instruction location within a doubleword. ; F : 
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LCVCLES - CPU60. 


Op-Register . Immediate Byte Modifier Register 

The op-register is used to hold the present instruction op code @ Used only by the Execute software instruction to modify. 
during I-cycles. The output is gated to the U- (2) and S-registers, the second byte of the subject instruction (if the Ry field 
and.is also used for I-cycle decoding and branching to the _ of the Execute instruction is not zero). 


instruction execution routine. 
The decode of the op-register is used to build the ILC, wnien is 
gated to the U-register byte 0, bits 0 and 1. 


@ The register is set when the W-reg is destined, with data 
sic. from byte 3 of the GR specified by the FR, field. (Refer - 
* to “Execute Phase (I-Cyctes).”’) : 


1-Phase ; 
W=LH, DF 
* E-Phase oe ; 
me a DFA4 DF80 KF84 
: {Phase : Bh Pre a : t t aa ee | 








fo ekenea 


Firs batch 





- Immediate Byte Register : We ea so U-Register (Exp LS 53) | 





The Imm byte reg holds the second byte of the present : Part of this register is set only by hardware. The two-bit: 
instruction during {-cycles. The output: - _ Instruction Length Code (ILC) is set to'a value determined 


by the op-reg decode. The condition code (two bits) is used 


by the I-cycle controls to determine whether a branch-on- 
wr als Besemmibled with tii ave field to be gated to the L-register. : condition code instruction branches. Byte 2 is set to the 


@ Is gated to the |- eyele controls. ae: . op-code by hardware only. Byte 3 is initialized to the 


I-Phase. Se immediate byte by hardware, Bytes 0 (except bits 0, and 1), 


pie tke 1, and 3 may be loaded from EBI by microcode. ° 


@ Loads the U3-register. 





P 7 Byte 0. Bits 0-1 Instr. length code entuei set only) © 
-bPhase Bits 2-3 Condition code 
Bits 4-7 Program mask 


align : : 
E+ Byte 1 Bits 0-3 Special CPU use 
Bits 4-7 OMWP bits 


* E-Phase 
Byte 2 Bits 0-7 Op code (hardware set only) 
Byte 3 Bits 0-7 Immediate byte 





{-Phase 


; : , E-Phase 
*Onty with branch-read (DFOC) = 1-Phase is 
: ne ; | align | 
=_ | E-Phase | 





| 
Special address-matching function--on a doubleword basis ' 


(bits 8-28). oe é 


@ 1-req is compared to PAA (V or W). TR-reg is compared 
- to PAA (V or Wh. (These matches are required to — 
determine whether program modification is taking place 
“in that part of the instruction stream that may have been 
loaded in the I-Bfrs.) 3 oie 


@ If the comparison is equal during a store operation, the 
BR read latch is set. (This forces a new loading of the 
I-buffer op-reg and imm byte reg.) . 


“VRegister (EXPLSSNS 
us Bytes 1, 2, and 3 usually contain the second operand address. . 
W-Register (EXP LS 52)° pee. 
Bytes 1, 2, and 3 usually contain the first operand address. 





_: Sf used in a storage word as a storage address, the key register is 
‘gated as byte zero. © : eee 


». Key Register 


The key fegister acts as byte 0 of the I-register when the t-register 
is destined. The key register contains the storage protect key in 
bits 0-3. Bit 4 is the fetch protect bit. Bit 7 isO. With the DAT 


i feature installed, bit 5 is the reference bit and bit 6 is the change 


bit. For a more detailed description of bits 5 and 6, see 
“Reference and Change Bit Recording” under DAT in the CPU -: 
section. 

If the V-register or W-register is used in a storage word as a 
source, the key register is gated as byte 0 of the V or W-register. 
If the L-register, |BU-register, or TR-register is used, the key 
register is gated as byte O of that register. The key register is 


"set when the t-register is destined... - 


IBU-Register (EXPLS 54)* 
Upon entering !-cycles, I-reg bytes 1, 2, and 3 are set into IBU. 


Ifa retry condition is encor-ntered during !-cycles, the instruction 


cycles may be repeated (return to DFOC). In this case, IBU is 


moved to the !-reg by the retry microprogram. 


1BU is set from !-reg as follows: 


[-—'-Phase —| 
me mete 
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I-Register (EXPLS 50) 


instruction counter register, byte 0: if the I-reg is destined, byte 


is gated to the key register. Byes 1 1, 2, and 3 contain the 





instruction address. 


The I-reg is updated as follows: 


}-!Phese ———] 
ce (pe Phase —— 

IPhase 
“beth aies ieee: 
a ee 





Add Carry (Adder) 


The two low-order adder positions (24-bit adder) add the instruc- 
tion length to the !-register bits 29-30. 


@ Adder (except the low two bits) adds a ‘1’ to [-reg bit 


position 28. This sum represents the next doubleword storage 
location. ; 


®@ A carry-out of position 28 is added to bits 27 to 8. 


®@ A carry-out of position 29 indicates that TR bits 8 to 28 are to 
be loaded-into | for a hardware update. 


..@ An adder check turns the.I-cycle hardware indicator on. 





TR-Register (EXPLS 55) 


® The TR-reg consists of bits 8 to 30, with bit 31 always forced 
to a zero. (Bit 31 has no latch.) 


@ Contains an address within the next doubleword after the 
address in the !-register; used when prefetch or further fetch 
(DF 14) is required. 


@ Used to buffer the adder output during hardware updating of 
the I-register. 


@ |-hardware update, consists of loading | bits 29-31 from 
TR 29-31. Bit 31 of the I-register is not gated through the 
adder. | bits 8 to 28 from TR 8 to 28 if the Adder bit 29 had 


a : a carry-out. ATR =1+ILC +8) 





I-CYCLES 


CPU 62 



















i EXP LS 50 


pt 
[assis p23] 24 | 25 | 26 | 27 | 20 | 29 | 30 | 3 


01-RR 
10—RX, S! 
11-SS 


ttc 











Update-i-Reg 


Add Carry bit 29 to 28 


Carry outs from add carry bit 29 to bit 28 are not allowed, but are remem- 
’ bered, At update-t time, a carry remembered causes all of TR to be gated 
back to |. Otherwise, onty bits 29 and 30s are used to = else! 


: oa 








RX (with align) 





1=1000 1-Phase 

1000 RR E-Phase 

1002 RX Op Reg 

1006 SS ° 

100C RS Update | es . 
a ada ' ae pa le ne Rs oes 
ee oe : TR as ee eS 100E ————} —-___—___ 100¢ SS (X1LCHB) ang, 

ABU 100C — — : 


1002 ae roa 1006 


*& carry-out of position 29 causes TR 
bits 8-28 to be gated to I-bits 8-28 













seneration . 


Instruction Cycles Addre 





HIGH-LEVEL DATA FLOW 


J ogy 






me Generate Address 






“©. Bit 31= on (I or V-Reg) “Specification 








WO Te WN oO 





Op-Branch 
(From t- to E-Phase) 





OFF O 
DFEO 











RX Instruction with align 





Op-Branch to DF 


ICY Ctrl- Reg. : 
{To align) 











~s Execute Instruction 


dow oo mw Niece 


DFOO DFIO 


Control- 


Decode . 








“Cy 
Next Addr 


-Cy . 
Next Addr’. 
















Set Ctrl Address 





Pres. 
Addr. 


~ 
oO 


| 
oO 


ein nN : 
nN 


RU 033 
RU 034 


BR Read to OC. . 
OP Read to 14. 
Otherwise, use 
{LC Format, 
Double Index, 
Prefetch to 
define the next 
address. 


Odd Fit point reg, 


0 O 6st. @ Qadd Shift register, 
ona unsuccessful branch, 
Representative Timing : branch to align 
ae after prefetch WD 










Force DF 









Generate Address 
Set Control Address 
Op-Branch to DF 








Foree C5 
Force 64 








Specification 





Gate ICY toM 
or RTN to ICY 





x 


Op-Branch | 





Ea 


Generate Address 





Op Code 
DECODE 
to ALIGN 







oa 





Op-Branch to DF 


Assembled 
NEXT x<— : 
ADDRESS : i a : 


Set Contro! Address 
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| I-Cycles Control Line Generation 


& 
Fy 2 / &/ § 
Pl ¢ & é é oo ev £, kK S 
&, S é f & yy ? yy é € 
> 2 
P/ 8/ 8/ §/ 8/8) 8/8/81 8) E/E 
é/ x a) §€/E/ §/ 3/ §/ 8/2] 8 F/& 
: & 
Fa a Oe ED ea ee Ds 
orig TT ce te ey) I 
TE ea ee as eS a ae 
PP UORGG Pe ee fee (ee te ee [me Ie Os | 
SOR OB 3) sed nto fe ce ee a pa ee en lm ls 
| Orec fT [| . ft fT a 
Pe OROe te ee eee ep ee | a 
p< _0F34 | ae es = ae ae ee ee 


es 

pe sorae i tes a ee ee ee 

HEL CRE (ee (a a (a en a a 
prs 2 [2 i es ee 


Anon 


| oFsa. |. | ee ae ee ‘ 
es RR Cae SPO Os Re ee a (ee a 
Re Ee ES ee eee ee ee ae a ee 
re ASS Dae ed ee ee ee 
ATT OS Ds Ee a De es a ed ee 
BEETS Sa Ce Uae EL ane See De ES ee 
RL RD Se el eee ee 
RTN 
to 
I-Cycles 17 
. These controls are not the result of the contro! register leche: 
The control line is activated by the corresponding address. 
. This line is activated by command prefetch. nie 
. The set/reset of the I-Birs is also controtled by command prefetch. 
. This control line is activated, but not used...) : 
. From DFOO through OF7C SPTL. is controlled by t-cycles. 
OFEO or DFFO activates this control tine again to restore SPTL 
after an align. ; 
7. Set P-set LL. 


1-CYCLES CPU 64 











CONTROL REGISTER BECODE 


+ 





I-CYCLES 
CTRL REG 
. BITS 






















CONTROL LINE FUNCTION 





























2 13 44 {5 : oe 
fo {- [1 [= [Command Branch Lost | “trad 8 OB Tn et evel 
POP=[4[=[_ Forse ae Rta Ai agin] 
}ol1jo[1 | CommandOpload SY Load I-Bfr1 (I-Bfr 2 in the next cycle) ss rok 
Pofifoli] ForeTR  ™~—SY Gate TR-Reg to B (and Address Adjust) 
11]1j—fo] a wkd : Activate Prefetch 0 de toy: 
|0}1]1]—] — Command Prefetch “8! Foree TR to ADR ADJ Asm. 
rata{if—]o eee eee SEs (and B if DF30 or DF3C) 62. ges ates 
1{—[—[o | Sp Branch Command ; Use op-reg to define the next Cxxx address; or go.) ee 
| -{-}—fo | : Pg Bee ; "49 the align routine - cred Ae eee Ay 4 
Pi fol=|1 | tpie one Foren bie Tana Pol beng ped io Liegtobetered ion FUPiow] 
[o[o|—[=|tesd Op, tm Gyre | nite ond of Ob anim Byte 
Cl ee Used with I-reg'to activate the set 
none 
|~-|-ji1]—| Gated,andB, iS Used.to gate the correct base or displacement 
}1f—fol-] Gated, field from the |-Bfrs 0 and 1 to L-low or 8-Reg 
| of -[-]o| 


Set Control Address . |. Set next address for I-cycles sequence" | next address for I-cycles sequence ™ = ; i . 


I-Cycles Address Gener Pond Control Decode 


M Byte 2 Generate — ~ 
'y i : 1. Address |” : Note 1 


x & poeneN 1- REGISTER eo 
A 


c 7 lo |- CP -BFRI 











M BYTE 2 










(INDICATES 
ALIGN ROUTINE} 
(Not} M Reg 


Cx 
X=OP-Code 


(=) 
S77 





Byte 3bit 0. Instruction Look-Ahead Byte 0 ic jc 
; ee -RU 031 : lalso used to determine prefetch) (Not) Branch to CX or C5 § H 
: ae : as at 
Generate. 
° ; Controls ° 
: oP 
(Not) CPU Low Req 1 i REGISTER 
Time 135-180 » — SatiReset x—C)> Bit 31 of 1 or V=4 
(Not) STG-1 Cycle . Contra Reg Ci 
Good siete . : RU 031 


Prefetch Required 


TR eg in Taare Sat “instruction for , 
a ‘2 we He pe, ne ony ro. —(*) this I-Phase Special Case = 
d : s (Note 1) B 
; Reo ; RU 118 BRANCH TYPE 
iL ae RU OTT =) OR EXECUTE Cc 
MCYCLeS. : Op Length 


: _ CONTROL Rone oes ae (Not) DF Set Control Addr 
TIERS : | Add: DFOO, DF10: fe 
DE and Paton] flak Set Contro Ir ive 
cf) {Op Branch Cmnd ae 
o-DE 1 ‘ Execute instr at Op Branch to DF 





NA GAWN HO 


b 










lucanss | 

fereteren | 

ieee 
with Prefetch 


Nf more than one 








RX With Align iw | won RE 
Op Branch (< ) 
{on Op Code} 


Esl Feo coms) 


coe . ae = RU 032 Siete oo eae Base From |-BFRs rag i : 
“2 Refer to the Expanded Local Storage (2) . REGISTER ss) 


definition of Exp LS 56 Present | Next | 
SSEVIES Add Addr . Double Index (RX) 
Ic 





M BYTE 3 











OQ — BR read iatch 
- . Yee Op toad latch 
2——- Opt2 


AASaWOno 


3—— Opli Align Entry 
4— Prefetch required A4 SY 
§ —— Prefetch inhibit BY DY 


-§—— FLP Long Yotow bit 


7-— OP BR to OF 
ics BYTE 3 
OQ — J-Bfr 0 parity check latch 
1—~— -Bfr 1 parity check latch flak ee 
Q=—~ Half Adder check latch : Unsuccessful Branch on CC 
. 2S xTo Modifier parity check : Branch on Count R, field=zero 
Ea $-— B=0. 
a 6— Set Control Address: 
7 — Low bit 


EXP LS 56 (ICS) is intended for use only as 


_low Bit 
f 


Gate !-Cycles to M-Reg (active when in DF) 







RTN TO t-Cycles (activated by 10 RTN or 
41 RTN and no interrupt) 


Z : : a rn Op B 
piheahy ay me _ as , eens Note 1; This condition (an SS instruction and the next instruction an SS) causes 
: ; Op Branch to OF the line Inhibit Prefetch to be active, and the Op load latch is set when 


the next Op-code is available. 
Note 2: When in i-Cyctes (DF module), the tine Generate Address 

is functionally overridden during addresses DF00 and DF10. 
‘ : Note 3: If both Index and Base indicators are off, double indexing 
takes place. 
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{Not} CPU Low Request 


“Tire 135-180 
* {Not} STG-1 Cycle ~ 


Unique Conditions During I-Cyctes 


‘Share Cycle 


Ifa share cycle is attempted during I-cycles, the !-cycles hardware 


is deconditioned. This occurs when the line ‘Not /O Op’ becomes 


inactive. (See “t-CY Address Generation and Contro! Decode.”’) 


With ‘(Not}1/O Op’ inactive, the generate address, and generate 
controls latches are deconditioned. 


M Byte 2 





(Indicate Align | 
Routine) ~ : 
ANot).M-Reg 
- Byte 3 Bit 













OF Decode. - 








| Mode Reg Bit A A 
(Not) 1/0 Op =+—__—_ 


ee eae 3. wet  botnd 


; “trap (Not Machine Check} 


!n the event. of a trap during |-cycles, the M-reg is set to the ee 
appropriate trap address, and the trap is taken. When the 

trap address enters the M-reg, the DF Decode turns off, and 
suspends I-cycle operation. ‘(Not) {/O Op’ is also deconditioned 
whenever H1, 3, 4,.5, 6, or 7 are on. 


Trap (Machine Check) 


"if a machine-check trap occurs during I-cycles, the failing 


instruction is retried eight times before entering the hard 
machine-check routine. — 
The Retry Microroutine takes the contents of 1BU (1-Reg 


Backup; that is, the current instruction address) and places it’ 


in the |-Reg. The retry procedure is to then return to !-cycles to 
begin processing the instruction again. 


| Cycle Error Conditions : 


Parity-check errors for |-Bfr 0, |-Bfr 1 Op and Imm Byte 
regs as well as half-sum check errors are indicated in 
expanded local-storage register 56 (ICS) t-cyctfe control 
display. 





SU Generate | 
: Address 





1 Ia ate hei Sean ait bon bse NTA ai chal is thi 


eS te | 


"Pal 


we, 
eb late dats 





Generate ® 
Contrals * 


| Good Oat ss : 
te . 


2 Sad SDalaandis 


Sibir n whieatlareen, 


aa 





. oiseitl 





"© Time 135-180 
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CPU Low Request (Not Prefetch) 


The line ‘CPU Low Request’ may be activated by: 
_@ Storage-protect check (caused by a mismatch of the storage keys) 


© Address check (TR ane to une doubleword above the top of 
storage) Betti a 


Storage Correction Cycle 


If a storage correction cycle occurs during !-cycles, the latches : a 
Generate Address and Generate Controls are not S/R. The tine 

‘good data’ blocks the clock pulse. (See ‘““t-CY Address Genera- 

tion and Control Decode.”) 








e Address translation trap Peat 


The two check conditions may ica gonsidiered as $ program errors that" 
cause a program check and go to the GICM routine. The address. 

.. ., translation trap may cause a similar. check, depending upon the” 
ae avalleoility of thd addressed area. ; 


Generee 272 
Address 

















(indicate Align 28.5. 
Routine), 2 
(Not) M-Reg: - 
: Byte 3 Fic. i 

















“|e (indicate Align 
Aoutine) 
(Not} M-Reg 
Byte 3 Bir 0 


~: Generate ~ 
Controls 


: _NF Decode a 






DF Decode 







Generate: 
g {Not) STG-1 Cycle Controls 


[coos Data — 


e Mode Reg Bit 151 
e (Not) 1/0 Op 


be eee . 





os |. CPU Low Request (Prefetch) Tr Ba 
ae ae ; gee CPU tow request is blocked during Prefetch, Mf a itcrage check. 
Sane “” gecurs during a Prefetch, it sets the branch read latch. Upon 
“: return to t-cycles, the 1-Reg is used (instead of the TR- -Reg) 
. to refill the |-Buffer. tf a second CPU low request occurs, it 
indicates a program check. 


I-Cycle Timings _ 


} VCYCLE LATCH). RUD 


‘2  €XECUTE INSTRUCTION — 
_ LATCH RUGS © 


3 ADDRESS RANGE 
_- DFOO-DF7C 


“4 ADDRESS RANGE 
 DFSA—-DFFG. 
§ SETIBU REG RU0s4 


UPDATE I-REG 


S/R {i or V) REG 


S/R OP, IMM BYTE REGS. ep 


) HKCYCLECONTROLS . 
(S.P.L. M-REG-not * 
STG-1 Cycle) - 





‘RUuOs 





© fo WeRLD 
: es 2 Sequence 








Serene (eae eile he ee oe ane 
a SP pa ek ge BEe erate 
et ARTA: Soy Peeks" POYOCLES ce oo f 
2 (To Meyeles) - 
me 
i ee ae 
po ee ee 1 
fe eae, “4 
! 1 
1 4 
cs ! 
1 y 
7 ‘ 
{ 
{ . 
! 
| 
1 
ban 
1 me 
t 
: ; fo. 
ae ae 
: | ecaniaaaan) forv= (he 
_ ' : : 


— 


| 


_ NORMAL L-CYCLES ~ 


H 


EXECUTION. 


{ { 
RIN . eect ae 1-CYCLES : EXECUTION 
(To t-Cycles) be DE ON Seti aie ag ye 

He . 4 

(epee rater opereeee rd 

ee ; { 

1 i 

| | 

i I 

1 | 

| , i 

' 1 

enone ere) t 

' | 

| | 

J ; ae} 

I 

t 

| 

a 


I-CYCLES WITH READ AND ALIGN 


I 
I 
RTN . 1 
(To §-Cyctes) | 


CYCLES 





1 EXECUTION OF 


| 
1 : 1 
t t 
H | 
I | 
! : ! 
] 
| 
I TEA 
| 
t 
! 
—— 
1 
t er 

- \ 
' : 

fecal lor VE (I) mm =o lor V=(V) 
1 
! 

ee ____ a 

1 

i] , 
EEE eres 


» CYCLES FOR EXECUTE INSTRUCTION 


! SUBJECT 
INSTRUCTION 


NOTE: BR RO 


Latch is set 
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1-Cycle Operational Description 
Software instruction decoding on the 3145 is accomplished by a 
unique interaction of microprogram and hardware. ; j 
The microprogram used for instruction decoding is the GAAI 
routine, which resides in the DF module of control storage. 


1-Phase 


During I-phase, the instruction is read out of storage and placed 

in |-buffers. Certain determinations may then be made concerning 
format, Op.code, and instruction length code. The purpose of the 
I-phase is to ensure that the correct data is available for use during 
the E (execute) phase. Upon exit from the t-phase, the Op-code is 
used to point to the next control-word address of the microroutine 
., for that format. (for a 1A add instruction, address C1A0 is used as 
“the entry to the GARR routine). ; 


E-Phase 


“fn the E (execute) phase, data is read, stored, and the correct 
condition code (CC) is set. The operations indicated in !-phase 

_are performed by using the operands fetched during I-phase. The 

‘address sent to the M-reg is that of the entry to.the execution 
routine. 








10 RTN LNK 


1 RTN LNK 


M-REG BYTE 2,3 
INSTRUCTION STREAM 


















dd Bb ete Te fe tye 
fy The GAAI routine 
§ combines micro code 

ha with hardware to arrive 
# at the starting address 
"of the execution routine. g 


1-PHASE 














E-PHASE 
SEE 


X = Op code high-order four bits 





Fetch Operations i 





Address 1000 j 1004 : Rage 
—(Ignore) - 02 OF 1D 01 






: Fetch: 
FETCH 


@ |-Bfrs are initialized. 


e May have occurred oe @ program branch to the cos 
instruction at address. 1004. : 


Note: See Fetch Sequence and Coad Buffers for oo 
additional information, S 





Main-Storage 
(Address = 

1004 

D2 OF 1D on 20 02 47 41 05 or 1A 5A 


Further fetch posed Because the current : 
~ instruction is not fully contained i in nah: 








an sala7 a AO 20 47 FO A2 50! 






FURTHER FETCH 


® Required when the current instruction is not fully contained 
in the 1-Bfrs. 


_@ Recognized by: 


1, The decoding of the current Op-code, which derarinines: 
~ the length of the current instruction. — 

2. The t-register points to an address within the doubleword 
that the first byte of the present instruction is located. 


®@ Accomplished by: (storage word at DF 14) 
1. Setting the Op load latch during DF04 and forcing DFOO 
to branch to DF 14 with the gating line Set Control Address. 
2. DFi4, a storage word, forces the TR-Reg tothe B-Reg, 
“” thus fetching the next doubleword from storage by using 


© S/R I-buffers 1 and 2 with the even word late in the storage-2. 


cycle of DF 14, During DF10 (early in the Ags \-buffer 
* 2 is S/R with the odd word. 


Note: See “Fetch Sequence and Loading !-Buffers” for additional 
: information. 





YFSPFETCHING 


@ Required when the next instruction is not fully contained in 
the !-Bfrs. ; . 


® Recognized by a combination of decoding: 
1. The |-Reg points to where the instructions come from 
within the doubleword. 
2. The Op code indicates the length of the present instruction. 
3. Instruction look-ahead knows the format of the next 
instruction and, therefore, knows the length of the next 
instruction. 


_- @ Prefetch is blocked under the following conditions: 
> 1. All branch-type instructions, . : 
“2. Two SS instructions in succession (TR is s pointing to the 
2 doublawprd just fetched). . 


Heres \Bfrs. Prefetch P 
ns FETCH SEQUENCE. FURTHER FETCH SEQUENCE 
"(BRANCH LOAD SEQUENCE) - (OP LOAD SEQUENCE) 

CONTROL woro | . RIN a _ ROW v.V+4 | v=, SF | Y «Y, SF | CONTROL woro| (Previous) | RDWY,V | be Cad | 
TIME rerenence | 1 | STG | ” $TG-2 | | | TIME REFERENCE | | STG-1 | STG-2 | | 
S apnieg (ous Oo | proc | INST ADDA | Dros | DFOO | | DEXX | M-REG | DF14 | Next DBLE Wd | DF10 | DFXX | 
CONTROL REG : | DFoc | DFO4 | DFO | DFXX | coninée- Red | DF14 | DFI0 | DFXX | 
; ond ae ; Force | , * : ; 
Seat (Ex L not ON) : ee | Block LS Dest | a CONTROLS | Force TR | Block LS Dest | 
Se Load Op, imm Byte Regs OR i 
: Fetch Next Instr 
FUNCTION preemie 








Fetch Instr | | Op, Imm Byte-Regs Valid 


Determine Next Address DFXX _ 


femseoneecmmemaeniod : Determine Next Address DEXX 
S/R S/R 


ae 


'-Btr 2 
1-Bfr1 
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. Heveres ss CPU7O 






AR SEQUENCES 
(Previous) Y = LL, OF (Previous) Y =, OF ROW LL AOS, V 
1. . CONTROL WORD ) cms ce SAS RSP TES PD SIREN CST 
ran 7 ; ~ STG-4 STG-2 
2. TIME REFERENCE jecanenebiesiaiearlamm oma saes| Sc iaS  SUEE R T 
jpamnsnsestenemmaman Execution Rs EE eee ee ae Ls Extection 
3. M-REG Routine. ~ Routine 
DF20 DF34 DF30. : 
. -CY CTRL REG a 
: ve _ Move F-Bfrs 0, t Force TR : Blocks LS Dest 
CONTROLS : a eee eo 


A. Operand to 
Y-REG j 





Move | Bfrs 0, 1 Load | Bfrs 2, 1 
Ry to Y REG 


Prefetch for next Instruction | - 


«FUNCTION... oe 


NOT FLOATING POINT i : NOT FLOATING POINT LONG 


NOT PREFETCH PREFETCH 


— ce re ees cee ee cee ee eee ee ee ee ee ee es ee 
i ee eS Ge Me eee aint uu wie eo cies 





mn es ee ee ee ee ee ee ee ee ee eee 

























| DE a PP 2 APrevious) YE Ll, OF Qa bL, DF Pe (Previous) : ; ; ; : 
avec tes CONTROL WORD, f pan Ta GS (cons r a ene 
: : ; TG2 
tly ce a ! $TG-1 s : 
“2: TIME REFERENCE j eee ete peo ETE 1 secretes trae TOC STS] 
evdeace I DF24 DF28 Execution DF3C (TRI. OF2C ‘ DF28 Execution. 
. EE Routine 1 Lee, . i oy ee. ; ; & ay es 
I DF24 OF2B od DF3C DF2C 
Oe SUnERES I (REST ERROR ! Se ene es 
: 3h 1 ne ! : ; 
| Mov? !-Bfrs 0, far | ‘Force TR Block LS Dest.) Force L Odd - 
5. CONTROLS \ ra ean 1 - hesaeeecena  ———_~E»; €°@  \ummenmmed 
1] Force L Odd 4 | Move 1-8frs 0, 1 Load !-Bfrs 2, 1 Ase eee f 
| Ra to Y-Reg Rat Tio Greg 1 Prefetch for next Instruction Ry To ¥-Reg 2 
6. FUNCTION \ a | ! l a. —_ j 
; eee j 
{ a ee 
sie : | 
I ban eee 
1 eabes . 
} FLOATING POINT LONG ! FLOATING POINT LONG. 
i NOT PREFETCH 7 Bae  PREFETCH 
Ae r 4 ae 


RX SEQUENCES 








FUNCTION | 


EE sebon 


- “contRoL WORD a 
ible REFERENCE 
_MREG 

toremenes 


CONTROLS 








7 at nin seb sn isaac iii i ts ei: ie! ‘et ae ‘si: a 












7 | 
{ l 
 * (Previous) VFLLiV V=LLt+V | (Previous) ROW LL ADJ, V +4 V=LL+V | 
it one ees | | 
4 | 
I SsTG1 STG-2 | 
secede ememmeneeieane a eesti | 
. ’ : ; ‘ F : : Execution Routine 
" : : Execution Routine ate 
pees DFO ite sxiatiatlcal - | DFSC isa a A lor Read and 
OAs See 3 Align Routine) \ a a x ; Align Routine} 
a DF4C DF40 eae tl DF5C DF40 
neat { nee: 
; ! 
1 Force TR Block LS Dest 
- \r—mer«e«€©@: Force disp. (U-Bus) to PBA | eee | 
famommumendl Base to L-Reg : { pmnnememennl Force Disp. (U-Bus) to PBA 
es | Base to L-Reg ae a ae: : 
| wae 
| peracoeocnene Force B = A+B ALU operation. 
Move 1-8frs 0, 1 - Move 1-Bfrs0,100 > Load I-Bfrs 2, 1 
: : { Prefetch for next Instruction - 
Catculate Operand Address | Calculate Operand Address 
Ee 1 femmes ere | 
: | 
OOUBLE INDEX | DOUBLE INDEX 
< : “.. NO PREFETCH WITH PREFETCH 
RX, RS, Si SEQUENCES AN 
(Previous) V=LL+V 
1. CONTROL WORD \seseos eearnres iauEEEEEREoT 
2... TIME REFERENCE ee 


3. MREG 


DF48 Execution Routine 
L ( (or Read and Align Routine} 


OF48 


(eee 


pmmmmeme Force Disp. (U-Bus) to PBA 
pommel Base to L-Rog (or X if RX instruction | 


and X # 0, base = 0) 
Move I-Bfrs 


foe] Block ALU A entry 


if Base is used and =0 


fn Colcutete Operand 


Address 


4. CY CTRL REG 


i Sa CONTROLS 





6. FUNCTION 


NO DOUBLE INDEX 
NO PREFETCH 


Oe Ee I ED ee OD nee A A ee SE SD ET ee Ue eee 
ee ee cane ee ED ee tee ie SO A me GS eee ee ee ee es ee ee ee 


{Previous} _ ROWLL ADJ, V+4 
DFS8 (TR) Execution Routine 
(or Read and 
Align Routine) 
DFS8 
. Force TR . Block LS Dest 


pene) Force Disp. (U-Bus} to PBA 
femme, Base to L-Reg (or X if RX instr. and X # 0B =0 


fm Force 8 = A+B ALU Oper t 
peexseencsmeaeea Block ALU A entry if 
Base is used and = 0 
Move 1-Bfrs 0, 1 Load U-Bfrs 2, 1 


Calculate Operand Address 


} Prefetch Next Instruction 1 


NO DOUBLE INDEX 
WITH PREFETCH 


Oe AD COON a OE: SOND Sieh eam sem OR me cee 
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SS SEQUENCES 


‘4. CONTROL WORD 


2... TIME REFERENCE 
2 MREG 
“4. CY CTRL REG 


“§. CONTROLS 





@ FUNCTION 


ae eee me eer ee ee cee mene meme rms ee em ee Se ee eee OR OD Seine Se SED ES SD GED EET ED SD ED OD ORD Oe 


if Base = 0 


Block ALU A entry 


Base 1 and Base 2 
7 o aoe tro L-Reg 


By 


Bo 


Move !-Bfrs 0, 1 


Calculate Operand 


Address 1 


NO PREFETCH 


Catcutate Operand 


' Address 2 


(Previous) W=LL+W VELL+V 
DF6C DF60 
Execution Routine 
OFE6C OF60 


Force Disp! 1 and 2 
(U-Bus) to L-Reg 


| 


(Previous) ~ Wett+ w 


- RDW LL ADJ, V +4 
we SE STG-1 STG-2 
DF7C OF70 (TR) 
Exeuction Routine 
DF7C OF 70 
Force TR Ag ve us. Bleek LS Dest 


_ — Force Displ 1 and 2 (U-Bus) to PBA 


be B, 


—— Base 1 and Base 2 to L-Reg 


eae RTs ee Block ALU A Entry if Base = 0 


Move | Bfrs 0, 1 


Calculate Operand 


Address 1 


Force B = A + B ALU Operation 
Loads I-Bfrs 0, 1,2 


Prefetch next Instruction 


janis ona 


Address 2 
WITH PREFETCH 


tee ee nee, ene ee ene GR ED ENED RS ED SED ED OW GRAS CR ee A OD EC ee EE ED Gee Gol eee ee em 


veveurs 





CPU T72. 


I-Cycles Alignment - 








I-Cycte Entry with No Prefetch a Ws Se eee 





~ {Previous word was not aeons ‘word. ‘ pe Cae 
The align ‘routine is entered at address DFBO, which i isa delay 
"word. The ney word allows the destine of the V- “Reg. 


C140-C1FO 











Align 
Routine 







V.24.VELLEV 
‘V2(Xo or Bo)tD2 















Perform a hardware 
branch on the modi- 
fied Op-code 
(Branch out of the 
align routine) 








Prefetch . is 
ROW LE ‘ADS, Vv + 4 
V={Xo or 8,) + 0, 





(sas agg este 





-. age Entry with Prefetch 


(Last word was a storage word, requiring a-storage-1 and 
storage-2 cycle.) 
The align routine is entered at address DFB4, thereby eliminating 
the delay word. The delay word is not-necessary in this instance 

- because the storage-2 cycle allows sufficient time for the V-Reg 
to be destined. : 







Perform a hardware 
branch on the modi- 
fied Op-code 
(Branch out of the. 
align routine) 













Align 


Prefetch ae 
. joutine 


124V=LL+V 
V=(Xq or Ba)+Dg 


DFB4 






‘Prefetch 
ROW LL ADJ, V +4 
V=(X5 or B,) + Dy 








ROW Y ADJ, V+4, TB 
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§-Cycle Alignment 


The align routine enables data in main storage not on a word 
boundary to be aligned to appear on a word boundary. 


“Consider the following exampte: 


GR 1= 00001000 
GR 2= 00 00 2000 





GR-4(To L-Reg) 





Effective Operand 2 Address = 3002 


es Operand 1 


 sinGRa 


"The data at main-storage address 31002 is to be added to 
» the contents of GR-4 and the result placed in GR-4. 


“in order to get the data at address 3D02, the problem arises. 


2 ‘that the desired data is not on a word boundary. 


MS ADOR 
3000 


Leases 


EEE Desired Dats 
Oata Read 


Out of Storage 


Word - Word 
@ 3000 @ 3004 


During the storage access, the bytes 0, 1, 2, and 3 are 
placed in the Y-Reg, Through the use of the TA-TB control- 
word function, bytes 2 and 3 are moved to bytes O.and 1. 






Y-Reg contents; with operations 


PEEL] vem’ 
RDW and MOVE {indirect} 
acne 
e__3< ; 


fafefel >| | O-Reg contents; with operation ROW 


The information is then placed in the Y-Reg (via an indirect 
move operation) in the form; “s en ee 


TT Te] » 
“A 


( From Q) 


5 ‘VeveLes CPU T74 


i-Cycle Exit from the ati ACD ori 


tn some instances, an RX instruction can place the operand 2 4 - ; 


data into a local-storage register. Once in the register, the 
operand 2 information may use the RR format-execution 
routine, Consider the following example: 


A Ry, D9IXp, Bo) {Rx} 


0 7.8 14:12 15 16 19 20 31 
ser aa | COREE NESSES SNS 5 


Register _. Address 
Operand Operand 
: 4 ; a a 


An RX ‘5A’ add instruction has two operands, consisting of 
Ry and Xo + By +Do. If the operand two fields are combined, 
the instruction would then appear as a “1A RR instruction. 
The operand 2 data for both formats is placed into the Y- 

- register before entering the execution phase. 


AR Ry, Ro {RA} 
o 78 1112 15 


Register Register 
Operand Operand 
1 2 


During the align routine, the ophegh data is placed ina 


focal-storage register. Upon exiting the align routine, the RR 
execution routine may be used. 







Perform a hardware 














¢ branch on the modi- 
\ S| Align fied Op-code 
T26V=LLtV 8 
Routine 
V=(Xq or Bo)+Do 5 (Branch out of the 






align routine} 







Prefetch 
ROW LL ADJ, V+4 
v(x, or 8,)D, 
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1-Cycles Program Modification 

Program modification is detected by a store operation that uses V 
or W as a storage address within the present, or next storage double- 
word address, as compared to the t- or TR-Reg. Only bits 8-28 are 
compared. 

When program modification is detected, the branch read latch is 

‘set, and the modified instruction is loaded into the !-Bfrs, 

In this example, the Move Immediate Op-code causes the modi- 
fication of a portion of storage that is already foaded in the 
-Bfrs. To continue operating on the old information in the 
1-Bfrs would cause the wrong result. To replace the old informa- 
tion, the branch read tatch is set, and the modified information 
is loaded into the !-Bfrs early in the next I-phase. 





Set Branch Read Latch 


AOOR. INSTR. LABEL 
400 92FF0405 .MVEFF, INOUT +1 


404 D200F124F700 3=INOUT MVC OUTPUT (00), INPUT 


I-CYCLES 


CPU 76 


o- 
Control Word DFOC 
~ ADDRESS WORD _ STATEMENT 
_ OFOC.. 40 68 18 00 ROW Y ADJ, V.+4 
C-Reg en 


+ Storage Word 
+ Read Word 
fe Branch High (0) (To bit 4 of M-3) 


Data Register (Y-Reg} 


+ Increment + 
bk Stat Set : 


uw. Address Source (V-Reg} 


Mode (Addr Adj} 


Om & WN - oO NA e&WNH OFVW ON AWN Oo 


[- Speciat Stat Set 
- Next Address 


- Branch Low (0) 


Qo 
1 
0 
0 
0 
“0 
8 
oar) 
[3 
1 
1 
Q 
1 
0 
. 6 
0 
0 
is] 
i] 
a | 
1 
0 
0 
0 
ar) 
0 
0 
0 
a) 
0 
ct] 
0 





mn ase ana 


This statement would normally cause the word in main storage at 
the address specified by the V-Reg to be read out and placed in 
the Y-Reg. 

This is not the case when in the DF module of control storage. 
The address DFOC activates certain lines that cause the handling 
of data to be significantly different. The lines activated by 
address DFOC are Command Branch Load and Force t-Reg. 

These fines cause the following action to take place; : 

1. The data from storage is placed in the 1-Bfrs and the 
Fe Y-Reg equals I-Bfr 0. : m 
” 2. The 1-Reg data is transferred to the B-Reg, and the V-Reg 


“equals the I-Reg + 4. 


A 





Mode Reg bit 1 Bfr KC 163 


(Not) 1/O Operation RH 023 


M Byte 2 RM 031, 32 


(Not) CPU Low Request MS 014 


(Not) M Reg byte 3 bit O RM 074 
Present Address : 


M Byte 2 


eons 


WOON SON BO OU 


ICY 


Not CPU Low Request Control 





M Byte 3 


°o 





akan = 


" RU 033 
RU 034 
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These lines are the decode of M-Reg byte 3 bits. The Ctri Reg 
is the !-Cycle Control Reg. tn effect, the decode is OC. 






CTAL Reg bit 1 and 2 are 0 RU 032 — 
CTRL Reg bit 4 RU 032 





Generate 
Controts 
2 (Not) Execute Instr Latch RU 044 Ia 
« iS ; Force | Reg 
RU 031 — 
a) 


cpu 79 





Next Address 


Gate I-cy to M-Reg (active when in DF) 


RTN to I-cy (activated by 10 RTN or 
'N and no interrupt) 


er re oT ree err ay Ee 


the 


80, 1,2,3 


gee a8 Cp Poo Add ‘One 
—<——_—— ADD CARRY ILC HA 
j 
Ee 
et |? | 8 ey 


ee ee as nen ea Peg ae : : “Half-Sum if 
hoe See Te mea Check 


Fae Ee Ba 


Instr, 
Length Code 
From t-Cycle Ctris 


U-Bus 
to. AL Adress 
M-feg (ema Asserntler 


ALU2 + ALUS 





3145 TM CPU79 











Branch Loop Example 

















oe RINNE «(| noe ees we VELL+V b= Vv, 07 ATN LNK Bn fe : 
Ey force i toed Op-Reg Load Op-Reg Calculate Address | Successful Branch | Check for pendi = 
, as STG-1 Cycle STG-2 Cycle Imm Byte SPTL Imm Byte and PSL. | agate |-Reg Oi Condition: ietetrink: "8 — ae 
se - : ce . : Complete I-bfr load | Branch on Format from TR-Reg Instr. 
4 40-Time em : Automatic next 
2. .-Gate Rtn to I-cycle ; Pah . Address = DFO4 
3. * Force (-Reg to B-Reg ; e : 
: 4 . +,Gate I-CY to M-Reg . SSRI (AIR % 
Sa dante Automatic next 7 
va ee Bo. + S/R LBP O ; ; rah * ati . 
4 S/R BERT on eee ; Address = DFQO.”: 
oo 9 "+ S/ROR+ImmByte : 
10 4S/R Inst. Length Cnt | =a pee : ai = woe 
11. = Gate Dy or Ba : : ’ 
12. -~ Force Disp! . : no Prefetch - DF 48 
‘13° - Base ~ Zero ; 
“14. +Gate Base to LL 
: , aa No Special RX. 





Instr. Branch on 
_ Op-Code XCCO 


15. +Set SPL from ICY 

16 . -Op Branch Cmd 
‘17. = Move. 1-Bfr Cmd 

18 =-S8/R1-Reg : 

19 °+S/Ri-orV-Reg sae 
20 = - Update I-Reg 

21 -Branch Read Lt. Si. 
22. +S/R I-Back-Up 

23 + 1-Cycle Latch 

24. -Set Ctr. Address qn 






Successful Branch 
(Not Successful 
= C474) 






“Early recognition of I- 

: Reg Distination = Set 
Branch RD ith ~~ 
es | — | 


_ Save | —» IBU 



















t : 2 | ‘ See j 7 
1 ! ah vale fibe | 
| | ' I alee i 
pe I A A y 
I | | | i | 
Reg: * ; | ! ! ne | 
jagister Contents | - } | \ — 
poe eee eae oi ee e 
[orseosssyoola ro.is copla7 regs 1 00 [ 8a, 264 2002 Pear any apie [aA ‘ats Main Storage ‘807 























V-Reg 


| 'Op-Reg mm Byte. Op . Imm Byte tow Imm Byte op Imm Byte imm Byte 1Op imm Byte. me re ‘ ; ; : . DBLWwOD 
* The Register Contents ~ [aTeo) to Tal CarT ro] fers cara Big 2 6 oe ee ad 
shows the value after | 6. ae So . i ee pears Kare wo 
execution of the microword. | ; ap is ee a : 
(M-Reg, C-Reg contain | SRT TOOT TTS Lees ee we La eT 47 FO 18 00 5A 24 2D 04 
next word.) ; He ee ee ee Lis P oT clS P T EES P Tt cis eat wh: 
ee I I ie al on fo ee AL “GR: = 09000000 
"REGISTER CONTENT IS VALID IF THE orrnarion is ! [oes jae! Poesy oe 
ae wot ‘ | | Hos se spe The bese register is assumed to be zero 
PERFORMED ONLY ONCE : “4 \ | ! | ead ee “for this example, This. causes an 
{ | | | few | j es unconditional branch to the first 
. Ey -_ 6 ie (he ae hee | os \ -_. instruction (47). The ADD instruction 
; ; . | \ ' t i. a] . ; (SA) is used only to provide data for 
Reg ing SE 504 (from TR) pe RE SEY Ds 500 (from V) - ; ae the registers. © ; 
TR-Reg ; 7 i 1 ————— ee 50E enero 508 ’ 
18U-Reg : so 500 | i ; 
' 


Gaara ee UM arias Ge SE Se te 500 
\ 1 el a eae 





LCYCLES © 


~ pu 80 


aa The following instructions are contained i in main storage. 


.. Partial Instruction Strea cles Example 





: et ee 
IA 325A 41 2D 02: 1B 46 tic set to address 1000) me 


whether 2 yea she 
poe ik ear ee aie AX} 18 AR ———4 
fb - PHASE-4 f- I-PHASE-~f— ALIGN F-1-PHASE 4 I 


E-PHASE~4 Fe-PHASE 4 -E-PHASE—| 


REG --— 1000-1002 1008 
TR-REG }-100A—100C YOO ama em 100, ne 





- 41BU-REG eo ee wt 


"Add (1A) fistruction is 


The 1A instruction starts at address 1000 i in main storage. To 
~ start processing at that address, assume that the set IC key is. 
pressed. During the set IC microroutine, the I-Reg is destined. 
(This sets the instruction counter to address 1000.) The IBU- 
Reg address 1000 and the TR-Reg contains address 100A, / 
_an.address within the next doubleword. Destining the I-Reg 
as a result of the set 1C microroutine causes the branch read =<. - 
latch (RU 043) to set. Upon completion of the set IC routine, _ 
"the start key must be preseed. This initiates the start micro- 
"routine. At the end of the start microroutine is a 10 RTN UNK 
" microword. The combination of the 10 RTN LNK and the M- 
Reg not being at address DF XX along with branch read fatch » s.° 
(previously set on) forces the M-Reg to address DFOC, The © 
M-Reg addresses control storage and pends out the Sonnet 
word at t address DFOC. 





. CONTROL WORD At DFOC (ROW ¥ Y ADA, ve 4) 


1. M-reg i is at DFOC. 
2. This.is a RDW, force I to B and read the Moab levers at MS - 
1000 and put it on SDBO. 
.a This doubleword (1432 5A41 2D02 1846) is in the 

SDBO. Pre-Asm early in storage-2 eyes ora cycle ‘a 
- was addressing MS). 
b.: Late in Stg-2 cycle, the even word a the SDBO Pre: 
"Asm is gated to the SDBO: Asm through EB! to the . 

_ |-Bfrs. 1-Bfrs 0, 1, and 2 are “set/reset” (S/R). At the 
end of storage-2 cycle, all three buffers contain the 
same information (the even word). ; 

__& During the control word DFOC, the M-reg was at - ots 

“. address DFOC. Through hardware, the M-Reg is forced to... 
es DFO04 by using the gating tine ‘Generate ‘Address’ (RUG. 
d. The M-Reg reads out the contro! ) 
Storage address DF04..- ; 






















CONTROL WORD AT oFO4—(y gM) 
“4. Early in the cycle, the odd word of the doubleword read out 


during DFOC is gated from the Pre-Asm to the SDBO Asm 

through EBI to the !-Bfrs. This time only !-Bfrs 1 and 2 are 
‘S/R’. |-Buffers 1. and 2 contain the same information. The 
odd word I-Bfr 0 contains the even word, — 


1-BUFFERS 


2{2D02 1846 {- 


2D02 1B46 


1A32_ 5A41 








©” 9. The Op-code (RU 118) and the Imm byte (RU 128) are set 


into the Op-Reg and Imm byte Reg, respectively. (I-Reg 
indicates which byte to gate to the Op-Reg.) 


3. The !-CY controls decode the Op-code and set the ILC in UO 


Bits 0 and 1, The ILC is also made available to the add-carry. ° 
“(The ILC is available to the coat at the time the {- i Flegi is 
updated.) 2 


4, The Op-Reg decode and the I- Reg are used to elermine: 
; whether the present instruction is fully contained in the buffers. 


The Op-code indicates the length of the current instruction, 
and the I-Reg indicates what part of the doubleword the 
current instruction came from. Therefore, through this com- 
bination of decoding the need for further fetching can be 
determined, (Further fetch is defined as the condition when 
the present instruction is not fully contained in the !-buffers.) 
In this case, no further fetching is required. The present 
instruction is fully contained in the 1-Bfrs. The Op-load latch 
(RU 043) is not turned on. 

5. The present instruction is fully contained in the t-Bfrs. The 
|-Bfrs must be decoded to see whether the next instruction is 
fully contained in the {-Bfrs. Instruction Look-Ahead is used 
to decode the format of the Op-code that is following the 
current instruction. The decoding of this format indicates the 
length of the instruction that follow the current instruction. 
The !-Reg keeps track of the address that the data came from 
within the doubleword. Through this combination of decoding 
whether the next instruction is fully contained in the I-Bfrs 
can be determined. !f not, a prefetch is performed. (A 
prefetch is defined as the condition when tue next instruction — 
is not fully contained in the !-Bfrs.)The next doubleword is 
loaded using the TR-register contents as an address. If the 
1-Bfrs do not have enough room for the next doubleword, the 


es “prefetch is blocked. Prefetch is also blocked on all branch 


type O-codes. (In this case, a prefetch is not required.) _ 

' The S- and &-Regs are set from the Op-Reg and Imm Byte 
Reg. This occurs during 1-CY and when a cycle is taken, LL = 
operand 2. LH = Operand 1. 


6. During the control word DF04, the M-Reg was at address 


DFO04. The M-Reg is forced via hardware to address DFO0, 
by gating line ‘Generate Address’ (RU 031). 

M-Reg at DFOO, the M-Reg reads out the contro! word from 
control storage address DFOO. 


Bee _ DE: 


CONTROL WORD AT DF00(Y = Y, SO) 


" 1. This is a delay word that allows the hardware to develop the 


next address, 

2. The gating line ‘Set Contro! Address’ (RU 032) is needed 
because a new sequence of control words is being started. 
Note that DF20 does not always follow DFOO. tn this case, 
the Op-code has been decoded to 1A and causes a branch 
to DF20. 

3. During the contro! word é DFOO, the M-reg was forced to DF20. 


. Once the instruction is contained within the !-buffers, the next | 
address is formed as follows: 


M M 
BYTE 2 BYTE 3 
01234567 
one ne w 
eéortb tt oo. ae 
2 Pena ‘Set to 1 if more f 
' : i? } than one microword 
tyhga in the selected I- 
F "rey! cycle routine. 
Instruction psx 7 
Length ' ' ', Set to Oif only one 
O1=RR an : ' microword is 
10=RXRSSI) kkys — (required. 
11=SS 1 4 i 
00=fetching if Set to 7 if one of the... 
at following conditions 
Se . a exists: 
‘Set to 7 ifa prefetch is to : : RA with prefetch 
be performed. xt RR FLP long : 
Set to 0 if no prefetch j is RX with double ° : 
required. indexing 


SS instruction. 
Otherwise, set to 0 


M-Reg at DF 20, the M-Reg reads out the control word from 
control-storage address DF 20. 


CONTROL WORD AT DF20 (Y = LL, DF) (the last cycle in 
1-Phase) 
1. The word Y = LL, DF. (LL points to operand 2.) 
2. The contents of GR2 are placed in the Y-Reg. bac taeaae 
3. At the end of this cyle, the value to be destined to the Y-Reg |. hope! 
is in the Z-Reg. 
4, U2 and U3 are set from the Op-Reg and Imm-Byte-Reg, 
respectively, so that the information is available to the 
microprogram during E-phase. -. ... eer ariacrned 
5. Update I-Reg (1 = 1002) (Note: TR is updated after the 8 
S/R to the 1-Reg.) 
6. At the conclusion of |-phase, the Op-code has been decoded 
(in this case 1A) and the next address is know a 
7. The M-Reg is forced to C1A0. 
With M-Reg at C1A0, the M-Reg reads out the control word 





. from control-storage address C1A0. 
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EXECUTE PHASE (I-CYCLES) 


. The control word at address C1A0 is read out de first cycle of 
 £ “Phase of the 1A instruction). 


CONTROL WORD AT C1A0- (LHC = LH + Y) 
A. The following hardware functions are completed for t-cycles. 
"1. S/R the Op-Reg and the Imm Byte Reg from the next __ 

' Op-code and Imm Byte. The |-Reg was updated just before 
leaving !-phase; therefore, the I-Reg is pointing to the next - 
instruction, 

2. In E-Phase, the Op-Reg and Imm byte Reg cannot be set 
into the S: and L-Regs. The system must be in I-cycles to 
gate the Op-Reg and [mm byte Reg to the S- and L-Regs. 

3, The TR-Reg is updated to point to the next double- 

: word. 
© B. The control word read from address C1A0 performs the 
«following. 
1. LH is pointing to GR3. 
“2. ¥ has not been destined (Z = Y). : 
i: 3.-At source time, the Z-Reg is gated back to the B-Reg | 
"S eontrotted by Destination Laok-Ahead; and the contents . 
‘Of. GR3 are gated to the A-Reg. At the end of this cycle, - 
the sum of GR3 and 2 is in the Z-Reg and is destined to 
«~~  GR3in the next cycle. 
“4, The 1A add instruction is now complete (during E-phase 
of the add instruction): 
«ea. The SReg is changed by Stat sets. : 

ob, The U2: and U3-Regs still contain the Op-code and Imm 

byte of the current instruction. 


“. @ The L-Reg still contains the address of operations 1 and 2. 


d. The microcode sets the condition code, test overflow, 
etc. 
e. While in E-phase of the 1A instruction, the |-CY controls 


are decoding the next Op-code to determine the controls... 


required for the next I-phase operation and the first 
address that will be used upon returning to 1-CY... 


Vevces 


- CPU 82 


Example 2B Add (ARM ucton (Double Indexing with a 
© e? 








2 pee Phase for BA eee ends en LPR ey (1s Rr NODC ONOn Cort DAR EMCEY fT 7 
ag A B | ob #686 
+ / prac ——}+—— F490 ae a DFB80 ——_}—— DF B4 Ie ais a a —s 


14 32 5A 41 20 02 48 46 ia 

Sha - ; 

Gberand 1=GR4 ° 
Operand 2 = main storage adar 3002 ° 








' 1 { 
Add. : ' H 1 1 
1) YeBotDispl | V=V+ Index ' DELAY} . LHC=LH+Y 
AR Ry. Ro IRR] Ves ea Pasar fk -y ieee: 
ney fa ay) , V=2,D02- , V=3,D02 ; Destine V-Reg | ee 
: pA Cee Se H ue is |Z Reg=V ‘ ee } H ;  Pointingto Contains the data from main storage to 
Ge Oe TBooe. ae 18 Operand 1 which operand 2 was pointing. - 
cee ee : ROW Y ADJ V+4, TB 
A Ry, DolXo, Bo) {Rx] At the end of the align routine, the 
*B2 gated to LL. _. > data to which operand 2 was pointing 
Oe ee CP -° is fully aligned in the Y-Reg, 


ema RTN LNK 28 
aight ate des The V-Reg, which contains the 

_ Main-storage address, must be 
taken through the address Asm 
because Destination Look-Ahead 
can not be used at this time. 
The DFBO delay word allows 
time for this. 


Wi2 1516 1920 31 








The second operand i is added to the first operand, and the: sum ig) 2 
Placed j in the first Operand location. 





RX With Double Indexing and Alignment 

. Developing address DF4C after E-Phase of the 1A Op-code. 
Ouring E-phase of the 1A op code, the op-reg contains the next « ‘RX withalignment’ develops the gating line One “Branch to 
Op-code 5A. During this time, |-CY controls are setting up for the DF’. 
next address in the SF module by decoding the next op code 5A. 2. ’Op Branch to DF’ gates ‘Align Entry’ (in this example, the 
The next address 4C is developed by the fines ILC, RX, RS, SI, last control word in I-CY is not a prefetch. Therefore, the ‘Low 
SS, and IF MORE THAN ONE M-WORD. (The Jine ‘if more than Bit Y" is zero and the Op-code 5A develops a B) to the M3 
one M-word’ is developed from the decode of double index.) assembler and DF to M2 Assembler. 

After the execution phase of the Add (1A) operation is complete, ‘Gate |-CY to M-Reg’ gates the assemblers to the M-Reg. The 

the RTN LNK microword develops the gate line ‘set control M-Reg contains DF BO, which is the first address in the align 

address’ (not DF). ‘Set control address’ gates the developed routine. 

address 4C to the M3 assembler, and gates DF to the M2 assembiler. Being in the align routine deactivates the !-CY controls. This is 

Rtn to 1-CY gates the assemblers to the ates, setting the M-reg done by M3 bit 0 being on, which deactivates ‘generate address’ 

to the next address DF4C. latch and ‘Generate Controls’. With the 1-CY controls deactivated, 
At the end of DF4C, the V-Reg = Base + Diaplaciient (2D02). the control words in the align routine develop the next address. 

(The exception to-this is the first and last addresses of the align 

routine, which are developed by t-CY controls.) 

Note the setting of U2-U3, updating |-Reg, etc., when going 
from DF 40 to DFBO (Op-Reg and !mm byte are set in the first 
control word of E-phase of the 5A Op-code.) 

The first control word in the align routine is a delay word to 


@ The definition of double indexing is: Neither base'nor index 
. fields are using GRO {(zera). Another control word i is. needed 
to calculate the operand. Dap ey aa 





. Alignment: (operand 2i is pointing toa storage address; the 
‘data at that address is to be added to the contents of the GR 
that operand 1 is pointing to). ’ 
' Fetch data from storage lusing operand 2). 
Align data in the GR. 
ie. Both operands are now in tocal storage. ge 
The same: routine may be used as in' the RR Add to add the 


ewe operands because both th operands are in local: ‘storage " 
2 foolsters: : 





: 8 | The transition from address DF4C to DF40 is accomplished by 
using the decode of the I- CY Cut Reg 4c and gating fine ‘Generate 





. ‘Address’. altow the destining of the V-Reg. This is necessary because the 
pe At the end of DF 40, the V- ‘Reg contains x +B +D (3002). B next contro! word ‘DFB4’ in the alignment routine is RDW Y 
aes ADJ, V + 4, TB. 


The V-Reg is addressing storage, and ‘ADJ’ (hardware adjust- 
ment) specifies that the V-Reg must be taken through the 
Addr Asm to address storage. Destination Look-Ahead may not 
be used to get data to the Addr Asm. Therefore, DFB0 must be: 
used to allow destining of the V-Reg so that it is available to 7 
address Asm during 'DFB4’. 

At the end of the alignment routine, the data to which operand 
2 was pointing is fully aligned and is in loca! storage in the Y- 
Reg. ; 


G Reale DF40 to address DFBO (going to the Alignment Routine): 


The tast address in the align routine is DFEO. M3 bit 0 being on 


and the line ‘FO, EO (M3)' activate the gating line ‘Op Branch’ 

(on Op-code). Upon exiting the align routine, the Op code 5A is. 
still in the op-code register. The gating lines ‘Op Branch‘ (on Op- *’ 
code) cause a hardware branch. LH is pointing to operand 1 

(GR4), and.the data to which operand 2 was pointing is aligned 
and in the Y-Reg. Branching to the RR add routine and adding 
the two locations in loca! storage is now possible. The first con- 


trol word found in the RR add (at address C1A0) is LHC = 


LH + Y, Hardware takes the present op-code 5A and ‘minus 4°. 
from the left hex digit of the present op-code. Therefore, the 
present op-code (5A) is changed to op-code of 1A. This is how 
the I-CY controls set up the next address when leaving the ' 
alignment routine of some RX instructions and op-branch (on: 
op-code) to the execute routine for a RR instruction...) 
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MVC (D2) instruction Example 


MAIN-STORAGE 

ADDRESS 

1004 . 

' 02 0F 1D 015 2D 02 47 F1 0501 7A 5A 


Further fetch required because the 
current instruction is not fully contained 
in the 1-Bfrs.. 


1-Phase for MVC (D2) Requiring Further Fetch 


Set 1/C to 1004. ~ .. 


DFOC: (M-3 bit 5 is on, forcing the odd/odd time slot) late in 
storage cycle 2, I-Bfrs 0, 1, and 2 are S/R with the odd word. 


DF04: early in the cycle, 1-Bfrs 1 and 2 are again S/R with the - 
odd word. The Op-Reg, Imm byte, ILC and S and L are set. If. 


the current instruction is not fully contained in the 
bfrs the ‘Op latch’ turns on. 


DFOO: delay ‘set control address’. 


DF14: ‘Op toad’ tatch on and ‘set control address’ caused 


"generation of DF14, RDW: force TR to B-Reg (fetch next 


¥; doubleword). Storage- 2 cycle S/R Bfrs 1 and 2 comes from 


even word. Next, the ‘generate address’ gating line is needed. 


DF 10: (delay) S/R Bir 2 from odd word. Format the branch. 
A new sequence of ‘words is being started in !-CY. Therefore, 


~ the gating line ‘set control address’ is needed. The op-code in 


the next address ‘6C’ is developed by: 


a ELC, and SS develop the ‘6’. 


b. More than one control word and the control line ‘not RR 
or FLP with prefetch’ develops the “C’”, . 


~ DFEC W = LL + W (add base 1 + disp! 1 to W-Reg) Block ‘W’ 


as a source and gate Displ. 1 from 8fr 0 to the B-Reg. LL 
points to base register. At the end of this cycle, the Z-Reg 
contains operand 1. B2 is gated from Bfr 1 to LL. (B2 


_ must be in LL for the next address to calculate operand 2.) 


- To develop the next address, we gating line * generale 


cba d ‘is activated, 


DF60 V = LL + V, Block V as a source, gate displ. 2 from Bfr 


1 to the B-Reg. LL is pointing to Base Reg 2. During this - 
cycle, the W-Reg was destined. At the end of this cycle, the 
Z-Reg contains operand 2. ‘Op Branch’ to CD20. Leaving 
|-phase to E-phase, sets U2 U3. Update the I-Reg.(Update 

|-reg before the bfrs are moved, and set Op-Reg and Imm byte.) 
Move Bfrs {this overlaps into first cycle of E-phase). 


CD20: Set Op-Reg and Imm byte with Op-code and imm byte 
of the next instruction. (The |-Reg indicates where the Op-code 
and Imm byte are in the Bfrs.) 


CD20: Set ILC (from next Op-code). Update TR. The S and 
L Regs are set from the Op and Imm byte because the 
addressing range is out of -CY (DF XX Module). 


During E-phase of the MVC, the microprogrammer has the Op.- - 


code and [mm byte available in U2 and U3. The length is’ 
decremented in U3. The condition code is set in UO bits 2 and 
3. The S-Reg is changed by Stat sets. Move characters. During 
E-phase, the !-CY controls are decoding the next Op-code 47 
to develop the first address that is to be used when returning 
to I-CY after E-phase of the MVC Op-code. 


XXXX - RTN LNK 11 - The 1-CY controls provide an I-cycle 
starting address of DF48. If no interrupt is pending, this is 
the data value set into the M- register. 


DOF48-V=LL+V- Block V as a source, gate displ 2 2 fisin 
Bfr 1 to the B-Reg.LL is pointing to base Reg 1. ‘Op Branch’ 


_ to C470, Leaving the t- -phase, set U2U3. spe the I- “Reg and 
move the I-buffers. : 


C470: Beginning of E- phate for branch instruction. V- Reg i is 
destined with sum Base + Displacement. ; 


Note that a software branch has occurred. Refer to exame‘e 1 
for any further explanation. 


" LCYCLES 
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Execute 44 Instruction Example 


The execute instruction causes one instruction in main storage 

to be executed out of sequence without actually branching to the 
object instruction. For example, assume that a move (S!) in- 
struction is located at address 3820, with format as fotlows: 


Machine ga 
<a Code ae = a 


Assembler Format 
Op-Code D; By !$ 
MV1 3 (12),x°66 
aE oa Eee 31 


where register 12 contains 00 00 89 16. 
Further assume that at storage address 5000, the following 
execute instruction is located: 


; Machine Format 
=< Ry XQ a D2 


= 1112 dads 31 


Assembler Format 


Op-Code Ry D2 X2 Bo 
X 1,0(0, 10) 


where register 10 contains 00 00 38 20, and register 1 contains 
00 OF FO 99. 


When the instruction at 5000 is executed, bits 24-31 of register 
1 are ORed inside the CPU with bits 8-15 of the instruction at 
3820: 


Bits 8-15: 01100110 =66 
“Bits 24-31: 1001 1001 = 99 
Result: | 111141111 =FF 


causing the instruction at 3820 to be executed as if it originally 
were: 


Machine ahi Assembler Format 





OpCode 2 Dy Op-Code Dy By '!2 
0 oe 1920 31 


However, after execution: 


Register 1 is unchanged. 
The instruction at 3820 is unchanged. 
Storage location 8919 contains FF. . 
The CPU next executes the instruction at address 5004 
(PSW bits 40-63 contain 00 50 04) 


INSTRUCTION 
STREAM 


ADORESS 


i 


GR-1 


Pa 








EE 
ee 
GR-10 = 


“Lope Dee] ae 








nctioN 


" RESULT (FF) i 
TO ADDRESS 8919 






En 


EFFECTIVE INSTRUCTION FROM ADDRESS 3820 








CYCLES 


Aponte ee 


ibe 


far 


+D, = 8919 : 
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1. a, Assume that the inst"Wen being processed had prefetched 


b. 


storage location 5000. a. 


During the E-phase, the t-cycle starting address of DF 48 
is provided as data input to M-Reg. 


2. 10 for Instruction O-Code ‘44’ 


e 


Base 1 was gated to LL during the RTN to I-CY, 


1-Reg = 5000 
During E-phase of the previous instruction, 1-CY controls 
recognized that the current and the next instructions are 


fully contained in the t-Bfrs. Therefore, the first address of 
1-CY for Op-code 44 is DF 48. 


DF 48 ‘set control address’ and the lines ‘ILC, RX, RS, St, 
SS, and not RR or FLP with prefetch’ cause address DF48 , 


. to be gated to the M-Reg. 


Note: Op Branch to DF. The three control words used for 
the ‘Execute Instr’ are referred to as align. That is, they 
are in the DF module. When entering these three words, 
the I-CY controls are inactive. The !-Reg is updated to 
5004 (next sequential instruction). 


DFA4: ‘Op Branch to DF gates out align entry A4. 


The word at DFA4 moves the GR specified by the R1 

field-to the W-Reg, and doing so: 

a. Sets the execute latch on (!- or V-Reg = V) 

b. Loads the immediate byte modifier reg and ORs it with 
Imm byte reg because R1 is not GRO. (This is done dur- 
ing I-phase of the instruction.) 


RTN LNK (DF84): The first address in 1-CY is DFOC 
because the ‘branch read’ Latch was found on during 
DF84. 


l-Phase for the Subject instruction 


DFOC: The ‘execute’ latch is on, indicating that the V-Reg 
should be used in place of the I-Reg to address storage. The V- 


Reg contains the address of the subject instruction that was 


calcutated as operand 2 during !-phase of the execute instruction. 


V + 4, used if further fetch is required to load the subject 
instruction. 


@ After E-phase of the subject instruction, returrtto DFOC and © 
reload the Bfrs, oR 


The |-Reg was not updated during the subject instruction; 


therefore, the next sequential instruction is loaded from the 
instruction stream (from address 5004). 
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A-REGISTER, B-REGISTER, AND ALUs 


Arithmetic and logic operations in the CPU are processed by 
two one-byte arithmetic and logic units (ALUs). 
ALU operations and program symbols: - 
Symbol Operation 
A, AND 
OR, OR 
JOE, Exclusive OR 
: " True ADD - : 
Complement ADD: . 
Decimal ADD. 





“Complement AND 


The two input operands for the ALUs are entered iio 
the A-register and the B-register and gated through their’: 
output assemblers. , 

Two ALUs are provided to allow simultaneous operation 
‘in halfword operations and to provide checking aug 
: logic-byte Operations. 

By using two ALU cycles during a CPU cycle, the ALU 
: system ean binary-add two fullword operands. 

Normal operations are for either byte operands or fullword 
operands as defined by the control word, 

Special gating controls are provided in the entry of each 
ALU to aflow manipulation of byte operands id logic and 
arithmetic operations. ~~ 

The description of ALU operation in control words is given 
in the cPu Hardware (CPU pectin ; : ‘ 





ae Binary ADD . ae as 


ee ee a eT 


St any plang 
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EXPANDED 
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sa 
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A-REGISTER, B-REGISTER, and ALUs 
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A-REGISTER AND ABYTE ASSEMBLER ae ety a emote 


The A-register is the A-source entry for the ALU system and enters 
data into main storage through SDBI. : 
Input data for the A- “register comes from the A: local storage, 
the external registers, or previous ALU output from the 

Z-register. 

An error eondition't is rencaeat in MCKA byte 2 bit 4. 

The A-register is a fullword (four-byte) register that sree rma 
_ enters the fullword. 

The A-byte assembler provides the means to present the A- 
register bytes to the ALU system and to the SDBI. 

_ The A-byte assembler has a four-byte output to allow 
_vassembling a fullword to feed the SOBL. 

“Only the byte 2 and byte 3 assemblers feed the ALUs system 
and have gating to enter any of she four A- re dined bytes into 
either output. 

Byte 0 assembler cannot gate the A-register byte 1, and byte 1 
assembler cannot gate the A-register byte 0 into their olrtputs, 
because they are not required in defined operations. | : 
“Parity is checked on ail four bytes of the A-register during | 

“arithmetic fullword cycle, storage-word, and word-move cycles. 
‘On CPU byte cycles, only the byte being specified is checked 
at the A-byte assembler. : 
°° The high-order three bytes of the A-byte-assembler do not have — 
~ a parity check but depend on the receiving area checks. 

The byte 3 assembler is parity-checked because of its use.in 

decimal adding, and the error condition j is Mngt: asan_ 











- A-Local Stor Byte-0 Bit P-7. = 


-AcLocal Stor Byte-1 Bit P 7 


External Asm Byte-3 Bit P-7 


” A-Local Stor Byte-3 Bit P-7 





"REGISTER 





© $-Register Bit P-7 
Z-Register Byte-0 Bit P-7 
External Asm Byte-0 Bit P-7 AO P-7 


Exp Ext Asm Byte-0 Bit P 7 





P-Register Bit P-7 
Z-Register Byte-1 Bit P-7 « 
Externat Asm Byte-1 Bit P-7 Al P.7 


Exp Ext Asm Byte-1 Bit P-7 





F-Register Bit P-7 
Z-Register Byte-2 Bit P-7 
Externat Asm Byte-2 Bit P-7 
Exp Ext Asm Byie 2 Bit P-7 


A-Locai Stor Byte-2 Bit P-7 


: L-Register Bit P-7 
~ Z-Register Byte-3 Bit P-7 
A3 P-7 
Exp Ext Asm Byte-3 Bit P-7 





“RAA-162 


AO P-7 


» A2P-7 


AQP? 


 ASP-7 


A-BYTE ASSEMBLER 


“AO P-7 


A-Byte Assembler. Byte 0 
A2 P-7 


“AZ P-7 





“AO P-7 


Byte 


Al P-7 . . 
: A-Byte Assembler Byte 1 


A3P-7 


Al P-7 : 
~ A-Byte Assembler Byte 2 





“AO P-7 


Al P-7 


A-Byte Assembler Byte 3 
A2P-7 


A3 P-7 


BA021-028 
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B-REGISTER AND B-BYTE ASSEMBLER 


The B-register serves as the B-source entry for the ALU system 
“. and the data address entry for the M- and N-registers. 
\-” Input data for the B-register comes from the B-local storage, 
the A-register, the SPTL external, or a previous ALU output from 


“othe Z- register. 


An error condition is reported in MCKA byte 2 bit 5. 
The 8-register is a fullword (four-byte} register that normally 
enters a fullword. 
“ The B-byte-assembler provides the means to present the 
B-register bytes to the ALU system. 
‘)-» The B-byte-assembler can gate any. byte of the B-register into 
“both byte 2 and byte 3 outputs to feed the respective ALUs. 
are Parity is checked in all four bytes of the B-register during 
arithmetic fullword, storage word, and word-move cycles. On. 
_ CPU 'byte cycles, only the byte being specified is checked, °°. 
”. The B-byte assembler has a parity check on both outputs, and. 
. an error condition is reported as a B-register error, 


G-REGISTER 


. SRegister Bit P-7 
7 Byte 
2Z-Register Byte-0 Bit P-7 ; 
0 80 P-7 
8-Local Stor Byte-0 Bit P-7 
A-Register Byte-0 Bit P-7 





P-Register Bit P-7 
Z-Register Byte-1 Bit P-7 
~ B1 P-7 : 
8-Locai Stor Byte-1 Bit P-7 B-Reg Byte-1 Bit 4. 5 
A-Register Byte-1 Bit P-7 HAE 2 Shift Asm) 


T-Register Bit P-7 
Z-Register Byte-2 Bit P-7 
B8-Local Stor Byte-2 Bit P-7 


A-Register Byte-2 Bit P-7 


L-Register Bit P-7 
2-Register Byte-3 Bit P-7 


B-Locai Stor Byte-3 Bit P-7 





A Register Byte-3 Bit P-7 


RA 113-164 


8-BYTE ASSEMLBER 


BO P.7 — B-Byte Asm 2 Bit 0-3 | 
B1P-7 (ALU-2 Shift Asm) 
B Byte Assembier Byte-2 
 B2P-7 F en 
“seen B-Byte Asm 2 Bit 4-7.” 
B83 P-7 (ALU-3 Shift Asm) © 
BO P-7 B-Byte Asm 3 Bit 0-3 
B1P-7 {(ALU-3 Shift Asm) 
B Byte Assembler Byte-3 
B2P-7 B-Byte Asm 3 Bit 4-7 
B3 P-7 (Shift to T-Reg) 
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A-REGISTER, B-REGISTER, and ALUs 


CPUS 


ALU A-ENTRY GAT 


The logic requriements of the system make it necessary tp be able, 
to block or transpose (cross) a part or all of the A-entry byte 
operand. paca P 

The high (0-3) and low (4-7) portions of the operand are 

_separately gated to allow moving a portion straight to the ALU or: 

to cross high and low in entry to the ALU. ' 

When none of the ALU entry gates are activated, the entry is 
blocked and the operand is presented to the ALU as zeros.: 
’ Fora normal entry, both straight gates are raised and the full 
byte is entered. 

For a crossed or transposed entry, both cross gates are raised. 

For operations requiring only one portion of the operand, the 
appropriate gate is raised to enter the desired portion into the 
specified position of the ALU with zeros in the ungated portion. 


ALU A-ENTRY GATING © 







B-Byte-Asm Bit 0-3 


Gate B-Asm to A Sw 


A-Byte Asm Bit 0-3 : 
ALU A-Input Bit 0-3 








Straight High (SH) 


Cross High (CH) 


Cross Low (CL) 


ALU A-Input Bit 4-7 
A-Byte Asm Bit 4-7 

‘ ‘ Gate B-Asm to A Sw 
8-Byte-Asm Bit 4-7 


AL 191-121 
AL 131-141 
Op : . Entry Byte Gate 
Sym Operation me by te HHHH LLLL SH | CH] CL} SL 
BS Straight. eS THR ELLE | xk TOU} 
BSO Block High and Low ‘ 9000.6: 0000 
8SH Gate High; Block Low ae HHHH 0000 x 
BSL Gate Low. Block High c000) =LLLL x 
BSX Cross High and Low : Lo LLLL HHHH x x 
BSXH_ | Cross; Gate High; Block Low LLLL 0000 x 
BSXL .]. Cross; Gate Low: Block High . 9000 HHHH x 


-— = oe ee ee ee em ae ww we me et ee ee ee Oe ow mae a = aw awlea = 


WER B-ENTRY GATING 


The logic requirements of the system make it necessary to be 
abte to block all or part of the B-entry byte operand and to enter 
the shift and K factors. 

The high (0-3) and low (4-7) portions of the operand are 


' separately gated to the ALU entry in order that one or both por- 


tions may be blocked and entered as zeros for the operand. 

For a normal entry, both gates are raised and the data is trans- 
ferred straight to the ALU. 

When the normal entry is blocked, the byte developed in 
either the shift assembler or the K-assembler can be gated. 

The ALU B-entry has a true/complement gating that reverses 
the binary bit levels of the operand byte when the complement 
line is raised. . 

The complement tine is under control of the minus operation 
sign or the presence of the SO bit when the operation sign is + in 
the control word. ; 


ALU B-ENTRY GATING 


Complement 






Shift-in Asm Bit 0-3 






Gate B Shift 
K-Assembler Bit 0-3 
Gate K-Asm to ALU 






B-Byte Asm Bit 0-3 








Gate High (H) 


Gate Low (L) 


B-Byte 4.3m Bit 4-7 
K-Assembier Bit 4-7 


Shift-In Asm Bit 4-7 


eo es 


ALU B-Input Bit 0-3 


ALU B-Input Bit 4-7 


BB 112-122 
Op Entry Byte Gate 
Sym Operation HHHH LLLL H t 
Bs Straight HHHH LLLL x x 
6S0 Block High and Low 0000 0000 
6SH Gate High; Block Low : HHHH 0000 x 
BSL Gste Low; Block High 0000 CELE x 
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SHIFT GATING 


Special ALU entry gating is provided to allow the two-cycle right 
shift (four bits) operation. 

During both cycles, the low-order four bits of byte 2 and the 
high-order four bits of byte 3 are assembled as a byte for the B 
entry of ALU-3. : 

During the first cycle, the high-order four bits of the T-register 
are set into buffer latches in the shift assembler, and the low-order 
four bits of byte 3 enter the T-register. 

During the first cycle, the low-order four bits (4-7) of byte 1. 
and the high-order four bits (0-3) of byte 2 are assembled as 
a byte for the B-entry of ALU-2. 

During the second cycle, the buffered T-register bits and the 
high-order four bits (0-3) of byte 2 are assembled as a byte for 
the B-entry of ALU-2, ; 

The A-entries for both ALUs are blocked and enter zeros for 
both cycles. 


SHIFT ASSEMBLER 







B-Reg Byte-1 Bit 4-7 


T-Register Bit 0-3 


8-Byte-Asm 2 Bit 0-3 
8B011 


B-Byte-Asm 2 Bit 4-7 


6-Byte-Asm 3 Bit 0-3 





BB 011 


Shift-In Asm 
Byte 2 


Shift-in Asm 
Byte 3 
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ALU K-ASSEMBLER 


The K-assembler for the ALU gates fixed constant and con- 
stants defined by the control word to the B-entries of the ALUs. 

Byte 2 of the control word in the C-register can be gated 
directly as a full byte to the ALUs. , : 

The low-order four bits (4-7) of byte 2 in the C-register can be 
gated to the low-order (4-7) of the K-byte with zeros in the high- 
order (0-3). 

The low-order four bits (4-7) of byte 2 in the C-register can be - 
gated to the high-order (0-3) of the K-byte with zeros in the low- . 
order (4-7). 

The high-order four bits (0-3) of the T-register define the bytes 
to be read or-stored are converted to a binary count byte for 


’ adjusting the address and the count, 


The four memory flag bits from the selector-channel buffers 

are converted to a binary count byte for adjusting the address and 

count during share cycles. 
When C-register byte 0 bits 2 and 3 are used to define the size 

of the data transfer in a storage word, these bits are converted to 

a binary count. : 
For a decimal operation requiring binary-to-decimal adjustments, 

K60 and KO6 are used as inputs on the second pass. The resulting 

output developed is K60, K06, or K66. 


ALU K-ASSEMBLER 








Decimal Corr High (K60) 


C-Reg Byte-2 Bit 0-3 « K-Assembter. Bit 0-3 


T-Register Bit 0-3 


Binary | 
Oecode 





C-Reg Byte-2 


Sel Chan Mem Flags Bit 4-7 





Decimal Corr 


Low (KO6} K-Assembler Bit 4-7 


C-Reg Byte-0 Bit 2-3 


BK 014 : BK 015 
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ARITHMETIC AND INT UNIT (ALU) 





The arithmetic and logic unit (ALU) performs the logic mmanipule:, 


* tion and adding operations in the CPU. 


Two ALU units are provided to allow halfword binary and ve 


’ -word-move operations in one pass, 
* Two ALU passes can ‘be made during a CPU cycle to. complete 
“a fullword binary or word-move operation. 
Each ALU consists of the A- and B-entry gates, the logic and _ 
arithmetic circuits, and output gating to position the one ied 
in the 2-register.. 


_ALU-3 entry lines are checked for irwalid decimal digits t tor ‘ 


: ensure a correct decimal output with errors reported in $1 bit. 
LA carry look- ahead circuit is shared by the ALUs to allow simul- 
ay taneous arithmetic processing of two successive digits or bytes. 
»-” During logical operations, both ALUs are fed with the same 
data, and a logical check circuit compares the results and reports 
" “errors through MCKA2 bit 2 : 
The ALU logic circuits develop four otputs for any input: 
presentation, and gates defined by the control-word operation : 
: : select the appropriate output to set the Z-register. : 
“Three of the ALU circuits provide the logic AND, OR, and OE 
: “outputs: the fourth combines these with the carry inputs to m 
he develop a full-sum output used for binary arithmetic. ad 
The A- -logic function is performed by ent the complement 














At-135-145 [ob ——— — Transmit Byte-2 Bit 0-7 


 Half-Sum Byte 2 Bit 0-7 
Carry Gen Byte 2 Bit 0-7 a 


HL AL-136-146 
Full 


~ ALU-3 B-Input Bit 0-7. 





Complement 
Arith Decimal Word 










‘ALU-3 A-Input Bit 0-7 








: position within the operands, 


.. indicates the level of the entry data bits (16) that seal check 
". with the level of the entry parity bits. re 


Haif-Sum Group Byte 2 B0-3 
Half-Sum Group Byte 2 B4-7 
: Carry-Out Group Byte 2 80-3 

- AL-118-125 ' Carry-Out Group Byte 2 B4-7 


wt Second Pass Time 
* Carry into Addr Byte-3 Bit-7 


arry-Out Group Byte 3 B0-3 
Carry-Out Group Byte 3 B4-7 

Half-Sum Group Byte 3 B0-3 
—Half-Sum Group Byte 3 B4-7 


“eo fine in the B-entry and gating the AND output. 


A parity prediction (generator) circuit on each ALU Gniices 


©: an Output parity based on the inputs and the operation and is 


proven by the parity check of the Z-register. 

* [n word operations the ALU-2 output is set into ZO and Z2 and 
ALU-3 output is set into Z1 and Z3 an the first pass with a an 
update of Z0 and Z1 on the second pass. 

For byte operations ALU-3 output is set into all Z-register bytes 
to allow the SDBO byte assembler to enter the byte into any 
position, 


Half-Sum Checking 


The hatf-sum lines (OE) developed from the two ALU operands hte 
are tested against the parity bits of the two operands to check the Pe eh 
parity of the entry data. 

E.ch half-sum tine indicates the Caever relation of abit 





Developing an.odd/even count from the sat half. -sum tines 


- A separate latch is set f:< each pass and each ALU, but the etch 


. _ ALU-2 indieations are blocked for decimal operations. 


A detected error sets an ALU check indicator in MCKA2 


~ (bit 0 for ALU-2; bit 1 for ALU-3). 













Sum 


: Byte Full-Sum Byte-2 Bit 0-7 
Carry-!n Group Byte 2 B0-3 2 
Carry-In Group Byte 2 84-7 1-Bit Carry ALU-2 
ALU.3 Casry Bit 0-7 Pass-1 ALU OR Operation 
ALU-3 Carry Bit 0-7 Pass-2 ALU XOR Operation 
ALU-2 Carry Bit 0-7 ALU AND Operation 
ALU-3 Carry Bit 4-7 . : ALU ADD Operation 


_. Carry-In Group Byte 3 B0-3 — 1-Bit Carry ALU-3 
Carry-in Group Byte 3 84-7 ; ee 


Full-Sum Byte-3 Bit 0-7 


AMOIAOIB Te AL-116-126 


ALU-3 B-Input Bit 0-7 cay Sen yes Be OF B 
ste Half-Sum Byte-3 Bit 0-7 
oS AL-91§-125 Trenemit Bywe-3 Bit 0-7 _ 











AL-133-143 
ALU Bus Byte-2 Bit 0-7 


ALU Bus Byte-2 
Bit 0-7 Even 


_ ALU Bus Byte-3 
’BitO-7 Even 








ALU Bus Byte-3 Bit 0-7 


AL-113-123 


3145 TM CPU93 


Z-REGISTER and D-REGISTER | 


Z-Reg 


. A-Reg : 
8-Reg _ t 

O-Reg . . 

SPTL 


H-Reg 





Z-REGISTER PARITY CHECKING 


Z-REG Byte O Bit P 











Z-Reg Byte 0 Bit 0 
Z-Reg Byte O Bit 1 
2-Reg Byte 0 Bit 2 
ZReg Byte 0 Bit 3 


PBOT4 


Note: The function of the EV block 
is to provide an output, only 
when the number of active 

. inputs is even, 
Z2-Reg Byte 0 Bit 4 
Z-Reg Syte 0 Bit 5 
2-Reg Byte 0 Bit 6 


_ Sample circult for parit 
Z-Reg Byte 0 Bit 7 : asi 


checking each byte. 


’ PBOT4 


Z-REGISTER 

The ALU results are set into the four-byte Z-register. The 
_ALU result data can then be routed to: 

@ The 5S, P, T, or L-register 

@ TheA- and B-registers 
_.© The D-register 


Z-register data (ALU result) is tested, if so specified in the 
contro! word being executed, to set or reset S-register bits. 


2-Reg Byte 0 PC 





TERNAL 
ACILITUES ASSEMBLER] 





The direct path from the Z-register to the S, P, T, and 
L-registers permits the setting of these externals earlier than 
other external facilities, This capability is necessary because 
these registers are frequently used by the next control word 
for status information and for local-storage and external- 
register addresses, Data destined to al! other facilities-is 
set into the D-register and destined during the next control. 
word cycle. peas 

ALU data set into an external register (other than S, P, 

T, or L) in one control-word cycie is not available as source 
data for the next control-word operation. 

One-byte Ops feed all four bytes of the ee with the 
same data. 

A path is provided from the Z-register to the A- ‘and B- 
registers, This path allows ALU data destined to local 
storage (not externats}by one contro! word to be used as source 
data by the next contro! word. 

Example: _ : aa 

‘A control word is executed, and the result i is gated to the 
R-register. 


Z-REGISTER and D-REGISTER 


g 
£ 


ate 


KO PROSE Saal aR Rates Weer! 


| aare 
ae | ES 








~ Consequently, no matter which bytes of a local-storage 











“The next control word requires the R-vegister as ihe 
B-source, 


The Z-register to B-register gate is activated because the ~~ 
result of the previous control word has not.been set into 
the R-register. The Z- regres is also rake to the D-register i in 
normal fashion. 


Refer to “Local Storage, Destinaiion: Look- Ahead” on CPU 11 
Storage. 


Any combination af byte selection is possible. For example: - 
if only-byte 2 of a local-storage location is altered, then only 
that byte is routed to the A- and B-registers from the Z- 
register. Bytes 0, 1, and 3 come from the local-storage 
location addressed by, the control word being executed. 





location are altered and destined by a control-word operation, 
the altered data is available as source data for the next 


*. gontrot-word operation. Address information derived issue a 


the. cgntrol word being executed determines whether 2- 


a register data is routed to the A- -register, the B-register, or. 


both, 
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-_D-REGISTER 
“ The four-byte D (destination) register is set to the ALU : 
- result data (from Z-register) early in the next control -_ 
word cycles. 

’ The D-register data is sent to the SDBO assembler, 
where it can be routed to externals (via external bus-in) 
or to local storage. 








1 ! 
y Control Word 1 Control Word : 
: 1 : 1 ' 2 1 
se, | 
1... ALU Operation ' 1 
t- | ! 
: ALU result sent to D-reg! 

t ! 
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. Z-REGISTER ond D-REGISTER CPU 96 
D-REGISTER and FLUSH-THROUGH-CHECK (FTC) REGISTER . 
A oe D-Reg* | . D-Reg Byte 0 Bit P-7 
* Note: The D- and the FTC-registers : 


latch in the off-state; that is, the latch 
for a given bit position does not set if. 





"Exp Ext Asm Bytes 0-3 Bits P, 0-7" 






D-Reg Byte 1 Bit P-7. 





. : ; the gated input bit is active. 
AL114, 117, 127 ae Poser Sg 
124,127,134 2 Reg Bye 03 » To SOBO Asm 
Bit P-7 =m ad 
147 
a D-Reg Byte 2 Bit P-7 
D-Reg Byte 3BItP-7~ 
RA111-166 minced woe 






RAOQI1 —_—D-Reg Set Reset 











Ext Asm Bytes 0-3 Bits P, 0-7 


Gate Ext Asm to FTC 





Gate Exp Ext Asm to FTC. 


A-Entry Bytes 0-3 Bit P, 0-7 
Gate Local Store : 


ae RM115-166 
ARCI91 1-Time (FTC Rag S-R) 


(FTC Match} 


Each D-reg (destination) 

“bit is matched against 

im the bit actually set in 
the local storage or 
externa! location when 
that location is addressed 
by the LS or EXT 
_ destination-address 

latches. If any bit does 
not match, an FTC: 





FTC Error Byte 0-3 Bit P-7 — 


error occurs. 





RA155-166 


Example shows only the handling of the destination R... 
RC=R+0 ae ; 
First Cycle 







Second Cycle 





5S OT iva ATi ———— 0-Time Tie. 


L__. 0Time Diy —+-__ 1-Time Dly ——___1_ Time Diy ———-- 1-Time Diy 
Read R&Q pk Write/Read R 
Be SS 





D-Reg = Result for R 


FTC Latches=Result from 
Ee 












Third Cycle 











FTC Compare 





_C-REGISTER (CONTROL WORD DECODE) 


C-REGISTER 


The C-register contains 32 bits plus four parity bits. The 
purpose of the C-register is to decode the control word 
and provide control and gating of CPU functions. Once 
read out of control storage and gated to the C-register, 
the control word is decoded to determine: 


@ Word type 
e@ CPU function. 





e CPU clock cycle and length 


The functions of the bytes of the C-register are: 


CO ‘Define word type and format Branch High Address 
: {M3 B4) 
_€1_— Specify A-source or destination (an external register 
or an A-local-storage address), Stat sets and/or special 
functions, 


" C2 Specifya B- socacaorive source or destination. Contains 
“<2 Mask or K values special Stat sets, : 


ca. Specify next control-word address Branch Low Address 
(M3 85). 


‘The C-register is set by 0-time of each control cycle. 


First Cycle Next Cycle 








" C-Reg Set 


oo S 


LEGEND: ‘chart ROA, 


SHAN ADEE 
Lm Tea A WORDS 


Rh a A eet aa nea atk a ad CD aie ION ST LER ak aLA bebidas 


WAAL eLin sali inns dys 


Ant abT 
1 
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CPU CLOCK 
CPU CLOCK OSCILLATOR | 





Timing for the 3145 is developed from @ 22.222-MHz crystak ee 
controlled osciilator. This oscillator ts fed to an osciltator control . o 


card, where it goes through one frequency divider.stage and is 
controtied for distribution to each board clock. From this, each 
board clock then develops six basic lise, bases to time the” : 
CPU circuitry. : 


CPU cLOcK TIMING 


; This clock i is a variable-cycle clock ‘that is designed to pc : 
* 180-, 225-, and 270-nanosecond cycles, with each cycle having 





the further capability to extend by 22.5-nanosecond increments 


{referred to as pauses}. This then allows (with one pause) 
202.5 ns froma 180-ns cycle; 247.5 ns from a 225-ns cycte; 

dnd 292.5 ns froma 270-ns cycle. With two pauses, acycle 
may be extended 45 ns as in the case of the Storage-1 Cycle - 
Write. (270 becomes 315.) If the cycle after a Storage-2 


cycle i isa selector channe! share cycle, the pause in n storage-2 a fe 


; cycle i is eliminated (270-ns cycle), 


- The CPU control word decodes determine cycle length. They 
provide 180-, 225-, and 270-cycle control signals that determine 
the cycle with which the clock should operate and the number of 
pauses the cycle should contain. ; 
The CPU clock runs for one cycle under control. oft the clock 
start latch. The clock start latch has many input controls (start. 
®. Switch, set IC, CF clock start, etc.). ‘ 
“. {The clock consists of six latches operated in an overlapped con- 
figuration to produce six timing pulses. ; 
















“ABO-CYCLE 202.5 ns 



















eee tS ae gon 2 OSCILLATOR SIGNAL FROM OETIEL ATOR CONTROL CARD 
“ 4B0-Cycle =< 0-Time ; 
re orik 0-Time Delay 180-CYCLE 202.5 ns 


1-Time : 
1-Time Delay : : 0 


0 45 #90 135 2026 45 90 


225-Cycle 0-Time 
(247.5) O-Time Detay 

; . 4-Time 
. 4-Time Delay 

2° 2-Time 





O-Time : 

0-Time Delay 

1-Time ; 

1-Time Delay : 

3-Time 225-CYCLE 247.5 re ; : : 

2-Time Delay 0 

0 45 90 135 180 2475 45 90 






180 202.5 90 - 


0-TIME 





270-CYCLE 292.5 ns 








90 1s 112.5 ns 90 ns 0 
fe O-TIME DELAY 1-TIME DELAY 0 45 90 138 225 29225 465 90 
90 ns ae 112.5 ns : 
225-CYCLE 247.5 ns 
90 180 - 225:-«247:5 90 





STORAGE-1 CYCLE WRITE 315.0 ns 


90 ns : : : . . 0 


0-TIME DELAY 1-TIME DELAY O-TIME DELAY | 0 45 90 86135 180-228 31545 
[Emerson Se RTT 
7 9Ons 112.5 ns 2 
2-TIME 2} 
112.5 ns 
-  270-CYCLE “292.5 ns ; 
270 292.5 90... i 





: 112.5 ns 
1-TIME DELAY 





90 ns 90 ns 


Joma nice cep 


90ns 90 ns 112.5 ns 
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CPU Clock Checks and Adjustments 


2 Equipment Required 


Tektranix* type 454 oscilloscope, or equivalent. - : 
Oscilloscope probes of equal length and equal attenuation. . 


Note: All measurements should be made with the displays 
centered on the scope face. 


Oscillator 


Oscillator frequency is 22.5 Miz. syrametry’ and sie : 
are : checked at O1AB2 L2S05. . ye 





; Clock 


The CPU ecke are initially synchronized at the factory and 
should be readjusted only when additional boards are installed, 
a feature is added to a board, or a clock card is replaced. 
_ Each clock has a programmable detay-line adjustment. Pin G10 
of each clock card (6735) is the oscillator test point. To ensure 
oscillator synchronization cueing the followed, ne syne 
negative on the G10 test point. 

The oscillator signal should now be spnchienized for he 


: system: Check the oscillator test point on each board. If the signal , 


is found to be more than +2.0 ns out of sync, resynchornize the 
. clock on the card that is out of sync. 

1. To determine ‘tate clock’ sync: 

a. Set rate switch to SINGLE CYCLE HARD STOP (CLOCK 

“ §ToP indicator on). 

b. Ensure that zero delay is plugged in the clock cards in 
-. boards A-A1, A-B1, and A-C1. 
~ ¢, Oscilloscope settings 
-. (1) A sweep Time/Div = .02 us. 
(2) X10 multiplier on. 
d. Sync channel 1 (minus) on clock card at A-C1G2G10 and 
: display the signal. - 

_-e.- Using channel 2 to display the G10 pins of the clock cards 
in A-A1 and A-B1 boards, determine the latest (in time) 
of the three clocks: ; 

-“f, Place the channel 1 probe on the tatest of the three clocks. 

- “Channel 1 is now synchronized on ‘tate clock’. 


Note: By swapping the input signals at the oscilloscope, 
verify that the oscilloscope is calibrated. The relationship 
between the two signals must not change. If signal relation-_ 

* ship does change, use another oscilloscope before continuing 
with this adjustment. 


* Trademark of Tektronizggc. : 














2. With channel 1 syne and display on ‘late clock’, display all 


other clocks. if any clock is more than 1.0 ns earlier or later 
than ‘late clock’, change the programmabie delay line for that 
clock to being it to within + 1 ns of ‘late clock’ (negative 
pulse at G10). 


CPU Clock Locations note 3 


Gate A-C1G2 C3G4 B1C4 B3H4 A1K2 A3C4 
C2J2) C4E2 B2M2 B4K2 A2C4 A4Q4 
Gate B-A1C4 81 C1M2 B3V3 C3J2 
note 4 


Oscillator Location: re 
A-B4A3 © 
A-B2C2_ 


Oscillator and oscillator control card location: 


OSCILLATOR CONTROL ¢ CARD 
; LOCATED ON A-B2 BOARD 


OSCILLATOR LOCATED ON A-84 BOARD 


i 


No tes: 


ae These numbers are initial sfipenaibie delay setting. 
2. Select has a separate oscillator signal. 


3. For IFA version 003 machine, clock is located i in B1B4 ‘ches 
on the A-Gate. 

4. Clock-card position is feature-sensitive. Refer to the KC ALD 
Pages. 


CPU CLOCK 
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CIRCUITRY LOCATED WABMACH CLOCK CARD AND CLOCK-START CONTROL CARD 










OSCILLATOR DELAY LINE 


|. (PROGRAMMABLE) 









TO CLOCK 
CIRCUITRY 


’ PROGRAMMABLE-DELAY LINE LAYOUT 





osw 


8 
< 





& 
rad 


O5T 


* 





2 


— le Tel 





z 


g 








CLOCK CARD (6735) | 


Adjust negative-going pulses 
for a meximum of +1 ns 





CHANNEL 1 REF. 


A= EARLY OSC. SIGNAL 
8 = LATE OSC. SIGNAL . 
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M, N, and MB-REGISTERS 


“M-REGISTER > 
®@ Addresses main and control storage. 
@ Feeds storage address buses (SAB). 


@ Made up of M1, M2, and M3, which provide a 21-bit 
_. {plus 3 parity bits) storage address. : 
oe Mi, M2, and M3 address both main and control storage. 
". Storage is read out on a doubleword boundary and 
“ stored on a word boundary. ane 





® M3 bits 5,6, and 7, and the storage word being executed, : 
‘provide the following selections for storage-word operations. 


Read Store 
Odd/Even word, Halfword, Word, Halfword, or Byte 
or Byte Note: information may be 
stored under mask (any byte 
selected). - 
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Setting wResiser fos Storage Addressing oar ees M AND N ADDRESSING Pe gg ae Se? ee Sa eee 
@ M1, M2, and M3 are set from the ADR/ADJ circuits or B-Reg, Neen ee ee IME : 45 138 e ; Even 

bytes 1 (bits 4-7}, 2, and 3. a : . Force — 
@ M1, M2 may be forced to zero for direct main- storage See are || Bregister Byte 1 — 

addressing. ; ; 7 Si "4CY Adr Asm 
m ‘Setting M- -Register for Control Storage Addressing a pete tee 


@ M1 isset to zero for display purposes. A line address CTRL Mgt es 
store is sent to the ECC board. ° oe 
~ @. M2 selects the control-storage module andj is set from C2, 
“" “trap circuits, or N2 (no. module-switch function). M2 mayo | 3 Force 
“be torced to FF for direct control-storage addressing, : 


























Storage Address Bus 









coe | B-register Byte 2 — 








Internal 


Main/Controt 
Storage 


a Storage Address Bus SDBO 0-71 









{Word HMRTY) 
and 
Retry Circuits 


« A module is defined as a group of 64 words in storage. Jee ma 


2. This increment of storage has particular significance in the 
“a ontrol storage addressing structure. The address in M2. . 
"selects the specific module, Any word in the 64 word SPEEDS os 

“module can be specified by the address in M3 bits0-5.° = ere Cee eee 
- Most control word operations cause only M3 to be changed, 


ie * M3 selects one of 64 words within the module selected by M2. 5 
: M3 i is set from C2 (K-adr STW), c3, or frep. circuits. ; Dota: 


NREGISTER aes 
) Made up of N2: d N3. : 


CY Adr Asm SDBO 0-71 






External Main 
Storage 





To Ext Assembler Odd 
























o i ; C-registes Byte 3 ne *y : ‘Data from A-Reg Byte Asm 
ackup register for caniyel “storage addressing. Pee eee aeeeane 
"N2 is set with the same information as M2 and is "changed coly : So Braneh Circuits 
ocwhen the contro] word being executed perce a eccls ; _ i 
“switch functions) oo ue Dae ‘ ery ve rel 2 Gg 
: (Word HMRTY) 
and 
Retry Circuits 


© N3is set with the game ‘information as M3. ce. 
® Nis not changed when a trap occurs. Sean Saree 
° ‘When a trap occurs, the M- register is set to the trap satires: _ : Tree Address: 
“The trap routine stores the contents of N (the N-Reg contains ‘ ee 

. the next address that would have been used had the trapnot) =... MEV Ad Asm 

oh occurred). At the end of the trap routine, M and N are restored : : a 

‘to their original value so that the control-word sequence may 

continue as if there had not been any trap. ca 


To Ext Assembler 


@ N2 sets M2 for every control- ores word aceess except when ; 
a module switch occurs. 


‘ MB- REGISTER. © eo “ Pee Mea gs yee Y 
Made up of MB2, MB3. EB 
-Set with the control-word address in M2, and M3 fromM2BFRO gs au ae : 
and M3 BFR... ins lth eee haar: de ee a 
When the CPU clock is stopped, MB contains the address of the i ay bias 

‘ast word executed. 

MB-reg output is available to the retry and backup circuits as 





First Cycte Next Cycle 


well as the external asteroener (word RTY). ae : or _ MReg ‘ [Reset 
‘Buffer Registers . re ; it 
a . +, M-Bfr Reg Set/Reset 
ooTThe M-buffer registers a are an interim set tof lateties between the ORE Bates 9 
M-register and the MB-register. This allows cycle-to- cycle  MB-Reg Set/Reset 
~“eommiunications. Sect : eee ; 
The N-buffer registers perform a similar function: | Re ; N-Bfr Reg Set/Reset 


N-Reg Set/Reset 
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M-, N-, and MB-REGISTERS BRANCH CIRCUITS 


C-Reg Byte 0 Sit 5 
C-Reg Byte 0 Bit 6 
. GReg Byte 0 Bit 7 


_ Burin Byte 3 Bit 6 


Stg-2 Cycle 





C-Reg Byte 3 Bit 7 








/" C-Reg Byte 3 Bit 5 
: C-Reg Byte 3 Bit 6 


RM 221 








Block Br Hi Lo 













Gate S Hi Br 


S-Reg Bit 1 
S-Reg Bit 0 


S-Reg Bit 4 


S-Reg Bit 6 





Gate C2 to M3 
C-Reg Byte 2 Bit 4 Bfr 










Gate N3 to M3 


N-Reg Byte 3 Bit 4 


Gate S Low 
Block Br Hi Lo 





















—$4,85=11 


$Reg Bit 3 
$-Reg Bit 5 
S$-Reg Bit 7 


2-Reg Byte 3 Bit 7 
Storage-2 Cycle 


Link or Return Word 


interrupt 
C-Reg Byte 2 Bit 5 
Gate C2 to M3 


Arith Lo Branch Asm 


RM 216 


Branch High Asm 


Arith Hi Branch Asm 
Gate A-Source Br 


M3 Set Normal 


S-Branch Low Asm 


M3 Bit 5 Set Normal 


Gate A-Source 8r 






RM 215 
RM 225 







Hi 





RM 225, 


MB-Reg Set Reset 


M3 bits 4 and 5 are used for high and low branches, 


* respectively. M3 bits 6 and 7 are used to maintain 


parity. 


M3-5 To SDBU © 






RM 215 
<2 RM 225 


Lo MBfr Set Reset 


MB-Reg Set Reset 


M-Btr Set-Reset 












M3 Bit 4 







M3 Bit5 Bt. 










M-Reg Byte 3 Bit 4 


M3 Bit 4 Bfr 


RM 223 


M3 Bit § for SDBO Set * | 


- M-Reg Byte 3 Bit 6 Bir.” 


“RAM 223° 


M-Reg Byte 3 Bit 4 Bfr 


MB-Reg Byte 3 Bit 4 








—MB-Reg Byte IBIS 
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SECONDARY CORPROL ASSEMBLER | 


The Secondary Control Assembler provides a direct path ‘for: “ee s 
the microprogram and the Gonsole file. to move data and 


addressing information : 
From: 







“Te: : 


C-Register 
Local-storage control assembler 







Expanded tocal-storage address 


Console-file data register 
A-Local storage 
Console switches 
ABCDEFGH assembler 


Selector-channel force nse 
_ Cregister: . 











“" ALocal Storage quam x 





SX Force C-Reviser mm 


Be! Some Shere Gyete 
Se RMYZ3 











inion 
| 5 
. Sw E Bits 0-3 San x 


oe | 7 
= So F Bits 03 rn % meme 


P 
‘Sws G-H Parity Sasmnaanemnemm X tomemtonaad 


"External control assembler: 


Sws A-B Parity —e 











Sws E-F a rere eras 


| 


SociG Hide 0-5 ceuieaaeiaaninn Ce 


Sw H Bits 0-3 SRURRaaROa X 


Force Switches a 








So ee cee ee cee etree cee Meme cme em ens me eee cee oe 


, Note: tn Local Storage Control Storage 


(LSCS) mode, diagnostic hardware forces 


storage, loaded into the Chea and 
executed, 


Refer to “CPU Diagnostic Hardware” 
in DIAG section. 








I Destinations 


C-Register 














2 
= 


Page 


NODOSwWNH 9 OV 


:_ Adocal storage to act as control storage. ; 
»=Controt words are read out of A-locat 


Note: Only the bits used by the microprogram are shown for 


each application of the Secondary Control Assembler, 


Exp LS Address Assembler 





: Logic Pages 


Bytes 0, 1, 2, and 3. 


aE Seti 2a Seat a a 


i 
i 
i 
f. 
& 





ALN Ca igh LIN 


pee 





“ Ext Control Assembler 


‘i 
vay tu Leer Tics} 
| rm ae i 


erect 
LOCAL STORAGE 








LS Control Assembler... 
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CONTROL REGISTERS _ ‘cpu 106 
CONTROL REGISTERS 7 


DESCRIPTION 


The control registers provide 'a means for maintaining and manipulating 
control information and are an extension to the EC PSW. The 3145 has 
sixteen 32-bit registers. that are located in control! storage at addresses 


F480 through F4BF.. - : . : : 
“Two instructions, Load Control and Store Control, move data to and 
from the control registers. The Load Control. instruction provides a 

~ “means for loading control information from main storage into control 


registers; whereas Store Contro! permits information to be transferred 


oa 





~ from control registers to main storage. These instructions operate ina : . : és : ee < 
: manner similar to Load Multiple and Store Multiple. : CONTROL REGISTER 0 & é , é oe 
: Details of the register assignments are contained in the sections that : Q 


"discuss the features using the control registers. > 
5 : >) : S 
g 


| sits folil2tata}s}e]7 ]a fo frolss}r2irs ira [1s fre [17 1a [19 ]20 [21 122 [2a] 24 [25 }26 | 27] 28]29]30 | 31) 


01=2K =. 00=64K 
10-4K 10=1M 









CONTROL REGISTER ASSIGNMENTS 











ee |» System Transiate | External tnterrupt System Translate External Interrupt Masks 
Control. Control — |: Masks Control Control 








Reset to 00 00 00 EO 


Segment | 
“| Table Length 


1 Segment Table Origin Address 
Channel Masks. : 










CONTROL REGISTER 1 


| sits oli j2taiatsiol7 |sfo |rojis] 12] 19] 14] 15]16] 17/18] 19}20}21| 22] 23] 24125 |26] 27] 26120] 30[31| 


Segment Table Length . : fg Segment Tabte Address : 000000 








Unassigned 









: me Unassigned ees 
PER Event PER General Register 
Masks Alteration Mask 
00600000 PER Starting Address 
00000000 | —_ PER Ending Address 


Reset to 00 00 00 00 












10 


41 


Unassigned 


Error Recovery 
Control and Masks 


00000000 MCEL Address ; 
8 165 24 31 


12 


fs Te Tr Ts To Trofssfrz}is]ra)is se] 7s ]io 2o]21 [ze] za] [2s [2s] za] z]z0[s0]sx] 


13 1/0 Masks ae 





14 Reset to FF FF FF FF 


Note: . Initial Value of unassigned positions in all registers 
15 is unpredictable but is assumed to be 0. ; 


0 “43 


“CONTROL accisren MD es 





‘s ; 
S/ o/ 3/9 3/S/S 3/3/a/s > S, 
SS bt) B) G/E1 3 cses/s/s/s/e/e/e/é/s o/e/ &, 
s, of ELE, SL S/S ELS EL EL ELE/ E/ SIS LEE) S/S, 
© OfLOLOfLOfOPLO/Of Of Of9 Jo fof Ofo 


| ens fo}r}2) a} «ts fe]7]s le frofrsfialss}rafis|se|r7]s|:9}20]21]22)2a}2q|26|26 


nN 
~s 


oe IIIS 5 
; 3//8/3/S/ S/S) 


| PeRGontet sf poe00000 - Generel Register Mask 






: CONTROL REGISTER 10 nis 


2 Jv] 12] 1 4}s5]16]17]16|:9|20|2s]2es}za}ze]26}z7 [| ao} 
Soa : Per Starting Address 








90000000 





@... REGISTER 11 








00000000 Per Ending Address 


Reset to 00 00 00 00 






— Lais_fols]2] s]4]s[el7]s)s frofss}saltafr4}is|re}17}s6)19f2ofzs|22[25}24|e5|26}27|28]20}a0)20] 





Error Recovery Control 


Reset to C2 60 00 00 


CONTROL REGISTER 15 






00000000 Machine Check Extended Logout Pointer 





Reset to 200 Hex 
Reset to 00 00 10 00 000 


Note: Initial value of unassigned positions in all registers 
is unpredictable but is assumed to be zero. © 
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STANDARD rEATO@Ds | 











’ TIME-OF-DAY CLOCK 


The time-of-day (TOD) .clock prdvides a consistent measure of 
time suitable for elasped time and time-of-day indications. The 


cycle of the clock isabout 143 years.when started from zero as an -. 


elapsed time measure. To provide a consistent time-of-day 


" programming systems have established this date as ey 1, 
. 1960, 0 AM Greenwich Mean Time. 
Setting the TOD clock on the basis of a evachronieatign signal 


This error is usually of smal! consequence in defining the time 
relating to human reaction. The error. does not enter elapsed-time 
calculations because the difference between two time readouts. 
does not consider the initial setting of the clock. For many TOD. 
applications, only the high-order 32 bits need be considered...’ 

» Position 31 of the counter is advanced every 1.048576 seconds. 
Operation in this. mode still requires ‘entering some value for the" 
«TOOL destination, ‘or.the clock does not start. Bo “ 
“The clock isa binary counter with a two-word format (64 bits} 

f numbered 0 to 63 corresponding to the bit positions of a fixed- 
point number of double precision. Time is measured by increment- 
ing position 51 of the counter every microsecond. Only the ; 
high-order 52 positions of the counter are used for this configurat- 
ion. The remaining low-order positions are not used for time. 


indication and are normally set to zeros except for three positions 


«that define. the status of the clock. * 

: The program is not ‘signaled of an Sinton condition when na 

7 counter is advanced to the point of carry from either position 1 
or position 0. ‘At the point of carry out from position 0, the 
counter goes to zero and continues to count from that value. 


The clock can be inspected by the instruction store-clock. The 
current value of the clock counter is stored in main storage. The 
7 clock can be set tod ‘specific value by the instruction set-clock. 

“ The operand specified by the instruction replaces the current 
value in the clock counter. The set-clock instruction can be 
executed only when the clock security switch on the system 
contro! panel is set to enable. 

The operation of the time-of-day clock is not affected or inhibit- 
ed by any normal activity or event in the system other than 
turning off the CPU power or running the TOD clock diagnostics. 
“The clock runs when the CPU is in wait state, stopped state, or 
"instruction step mode, and its operation is not affected by system 
“reset or the IPL Procedure. : 
os The 3145 time-of-day clock stops when the CPU power-off 
__ switch is operated. Execute the set-clock iristruction each time 
a the’system is started after powering up or ate Rennie the 

: TOD clock diagnostics. 





“The time-of- -day clock is ‘advan by ¢ a 1 ‘MHz céciitetor feedings a Bred 
.- binary-coupted trigger to produce a 1-MHz output. These circuits © Bieta 
also develop a 78.46-KHz output that drives the interval timer. 


, 





~ Physical Description 


The clock counter functions as a binary-connected counter but 
is modified with a set of adder tatches that allow holding the 
output of the basic latches until such time that the CPU sampling 
is complete. The counter can be loaded by destining the - 
appropriate binary values to the TODL and TODH externals after 


indication, th a Visited Bea iaM - executing a loading sequence. The counter starts to advance, 
AMSA ad ili ager ehined to: 9 Calendar Cate, “> immediately following the loading by gating,the 1-MHz drive” 


signal to the tow-order position of the counter. The counter 


. advance is checked by predicting parity and then comparing the. . 


© predicted value with the parity generated from the counter. The 
given by the operator introduces errors in the fractions of.a second. 


counter output with parity bits for each byte is available to the 
CPU through the store clock instruction that causes externals 
TODL and TODH to be transferred to main storage. 


The TODH and TODL externals may be called out as a destinat- Wins 


ion at any time, but the contents of the clock are not changed 


unless TODL byte 3 bit 0 and the clock-run fatch have besn reset. 


The FTC (flush-through check) is blocked by the TODL byte 3 
bit 8 to prevent error signals for this condition. : 
. The control bits are associated with the clock readout to convey 


.information to the user,as to whether the clock value is a true 


measure of elapsed time since the last time the clock was set. 
These control bits are stored as the three high-order bits of byte 3 
of the low-order word (TODL)..Bit 0 indicates that the clock is 


_Tunning. Bit L indicates that the clock Was set. ‘Bit 2 indicates 


: “that an error. “occurred. During the processing of the store-clock 
a instruction, the indicators control the condition code to be set. 


pee ©... 





/ EXT 36. 


a) 38 16 74 31 
TODL EXT 3E 


:32.° 40 48 56 63 


Bit definition: 
TODH 
TODL 
TODL 


Bits J-31 Binary Counter 
Bits 32-51 Binary Counter 


Bits 52-55 Snare Counter Positions 
(forced to zeros) 


~-TODL © Bit 56 Run Bit, This bit is set dating the destining | 

i = of the TOD word following the destining of ‘the other- 

n 3 TOD word. This bit must be reset by microcode with 
the security switch in the enable-set position to reset 
the TOD Run latch and enable the TOD clock hard- 
ware to accept the TODL or TODH as a destination. 
Power-on reset also resets this bit to allow the power- 
on reset routine to set the TOD clock to a consistent 
value. 


Bit 57 TOD Clock Security Switch. This bit on 
signifies that the security switch is in the enable-set 
position. This bit must be on to allow TOD Clock 
destinations, except during the power-on reset routine. 


Bit 58 Validity Latch. This bit on indicates that the 


clock is valid. The TOD validity latch is set by the AND 
of TODL byte 3 bit Qand TODL byte 3 bit td. This bit 


TCDL 


TOOL 


is reset by resetting TODL byte 3 bit 0, power-on reset, . 
or TOD clock error. This bit off lights the TOD eneaie . 


light on the console, 


TODL Bits 59-63 CPU Identification. 


TODH may be displayed through EXT 36. 
TOOL may be displayed through EXT 3E. 


‘Clock Security Switch (TOD CLK) 
‘The'clock security switch (TOD CLK) provides an interlock with 


the set-clock instruction to guard against inadvertent change of 
the clock value. The switch is spring-returned to. the secure posi- 
tior:. When the switch is in the enable-set position, execution of 
the set-clock instruction sets the clock to the value of the : 
designated operand. When the switch is in the secure position, 

the set-clock instruction does not. change the value of the clock. © 
The switch does not have any other affect on the operation of the 


~: clock, 


~ Clock Validity Indicator (top CLK cINVAL) 


The clock validity indicator (TOD CLK INVAL) i is used to indicate 
when the time-of-day clock current value is not a true measure 

of the elapsed time since the fast time the clock was set. The 
validity indicator is turned off when the set-clock instruction is 
executed with the TOD CLK switch in the enable-set position and 
no exceptions are encountered. The indicator is turned on when- 
ever the clock misses a time increment or stops. This may result 
from a power failure or a matfunction in the clock circuits. When - 
the indicator lights for an error condition, the machine-check 
indicator is set and an interrupt is requested. If the clock is 

started by the power-on reset routine and used for elapsed-time 
indications, the indicator remains lighted because it is invalid as a - 
TOD indication. In this case, the indicator being lighted does not 
mean that an error has occurred. 


Error Detection 


The time-of-day clock checks its advance operation by a check on 
the progressive parity conditions. Before the advance, the counter 
value of each byte is fed into a parity predictor circuit to develop 
the updated parity bits. These parity bits are compared with parity 
bits generated from the updated value in the counter. Any failure 
within the counter advance circuits results in a difference between 
the predicted parity bits and the resultant parity bits. The 
difference signal sets the TOD clock check latch. The latch output. : 
sets the MCKA3 bit 6 and resets the bit 2 and bit 1 latches 

as indicators. A class 3 machine-check interrupt is requested. The. , 
setting of the MCKA latch resets the TOD clock check latch. The: 
reset of the bit 2 latch lights the TOD invalid indicator on the 
system control panel. 
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Clock-Setting Sequence 


The clock is set to zero and started by the power-on-reset sequence. 
With this start the clock output can be used to indicate running 
time or elapsed time. Under this mode of operation, the TOD- 
tnvalid indicator on the system.control panel remains lighted 
because the clock output is not TOD. 
To obtain time-of-day output, the set-clock instruction must 
be executed to start the clock at the current time. When the set- 
clock instruction is executed, the correct TOD is assumed and the 
TOO Invalid indicator on the system control panel is not lighted. - 
OOK, a élock error is detected during operation, the indicator i is 
“ fighted to warn the operator. * 
The set-clock instruction must have the TOD CLK switch on 


the system control panel held in the enable- set position to allow 


execution. If the switch is not operated, the clock value and its 
operation are not affected. The first step in the clock-set sequence 
is to reset TODL byte 3 bit 0 along with the ‘clock run’ latch 
and the clock controls. With the ‘clock run’ latch reset, the TODH 
and TODL externals can be destined. The value destined for 
TODL must have byte 3 bit 0 set to 1. When both load latches 
have been set, the TODL byte 3 bit 0 line is developed, the ‘clock 
run’ {atch is set, and the ‘clock set’ latch is set. At this point, 
. the clock is set and starts to run with the next 1-MHz pulse. 
The power-on-reset start differs only in that the TOD CLK switch 
does not need to be operated, and the first TODL destined micro- 
“step is not required. 

For microdiagnostic operation, the: enable-set output of the 
switch is forced, but the set sequence is the same as for the set- 
clock instruction. ; 


TOD Clock Update Sequence - 


'. Because of the asynchronous operation of the TOD clock, the 
advance pulse from the 1 MHz oscillator cannot be used directly 
to advance the clock. The clock readout must not change during 
the A-register set/reset time. The CPU 90-135 time is gated with 
the 1-MHz oscillator to develop the advance pulse. If the CPU 
clock is stopped, the CPU oscillator provides the timing. The . 
advance pulse sets the start-update latch whose output provides 
a series of delayed outputs that control error sample and advance 
of the clock. ; 


TOD CLOCK UPDATE SEQUENCE 


OSCILLATOR . 


“ERROR SAMPLE 


“'§/R PARITY PREDICT 


CLOCK ADVANCE - 


‘TOD Manual Set 


This procedure is available for manual setting of the TOD clock. 

1. Hold TOD CLK switch at ENABLE SET. 

2. Store in EXT 3E hex 00. Hex 00 is stored into all 4 bytes of 
TODL. This value resets the run latch. 

, Retease TOD CLK switch. ; 

. Store in EXT 36 hex FF (see Note 1). 

. Hold TOD CLK switch to ENABLE SET. 

. Store in EXT 3E hex 80. This value sets the run fatch. 

. Release TOD CLK switch. 

. Display either TODH (EXT 36). Observe that bit 31 increments 

approximately every second,.or 


TODL (EXT 3). Observe that counter is 
rippling much faster. 


On oar Ww 


Note 7: Any value put into switches A and B may be stored. This 
value is propagated to all 4 bytes (example: hex 12 stored from 
switches A and B is stored as 12.12 12 12). FF is inserted because 
the first time the clock is incremented: the counter flips to zero and 
starts from there. ' 





TOD Clock Instructions 
The time-of-day clock has two instructions: 


®@ Set Clock used to set the initial time. 


® Store Clock used to enter the current clock value into main 
storage. ms 


Both instructions are St-format instructions modified so that.” - 
byte 2 is an extension of the operation code (byte 1) instead of... 
the immediate operand. Byte 2 species the exact function of the eneee 
Operation code, 

Both instructions are decoded as operation code B2i in ihe 
GAAI routine. The operation branches to the GGB2 routine to 
decade and validate the modifier. A test fo.’ privileged operation: ...* 
is made when required. Then the operation is branched to the 
routine of the function seaptiad: iss common data flow for 
both instructions is: : 


START 


Normal t-cycles. 


eee ee ee ee ee ee oe 


Compute the B1D1 address bry in the instruction. 


Test and branch to the B2 op-code routine (GGB2), 





GGB2 












Test for a valid code e must be of the B20x format. 


ee ee ee ees 


The last four bits of t the modifier select a decode byte from the 
16-byte table. 


If the high- order bit of the decode byte i is a1, the instruction 
is a priviteged operation and the CPU. must, bei in Supervisor 
mode (PSW bit 15 = 0). noe 


ee ee ee eee ee ee ee ee eee ee eee ee ee ee ee 


If a privileged operation and not in supervisor mode, branch to 
the privileged operation check routine in GICM. 


eee ee ee eee 


If not a privileged operation or if in supervisor mode, use the 
decode byte as an address modifier and branch to the sBStUEHON 
execution routine. : os 








BRANCH 
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~ Sat Clock instruction. [7 oe 





Set-Clock Instruction 


SCK 0, (B,) {St 


fez ToT at | ; 
oO pete wba dy ate 


a 





“ B2 = Operation Code 
04 = Set-Clock Function 
B1D1 = Storage address ofan eight-byte field. Must be ona 
doubleword boundary. Bits 52-63 of the field are ignored 
and are not used in the clock value. 


The Pron instruction ise a ipilvileged operation used to place a 


value into the time-of-day clock. The location of the value is 
specified by the B1D1 portion of the instruction. The implied 
fength of the value is eight bytes (two words). The address must 
be located on a doubleword boundary. Only the high-order 52 
bits of the doubleword are used to set the clock counter. The re- 
maining bits (52 to 63) are m igrored by Kile mf cperetion in setting 
‘the clock value. ©. ' 
2.2 The value in the ‘tineofdey clock’é is Veciscal by the designated 
fe value if the set-clock instruction is executed while the TOD CLK 
“switch is in the enabfe-set position. if the TOD CLK switch is in 
2 the secure position when the set-clock instruction is executed, the 


value in the clock is not replaced and the condition code is set to... 


1 


indicate: 


Soa 
mas 


Condition code settings: a We 


“0/3 = Clock value set. aie 

°° 4 Clotk value secure {TOD CLK switch in secure position; ¥ 
- ‘therefore, clock value was not changed). 
2 = Not used by the 3145. 
3 = Not used by the 3145. 








START 






Test B1D1 address for a doubleword boundary. Branch to 
specification check in GICM if not a doubleword boundary. 


ee 











Store high-order word of main-storage double-word in 
local storage. 


creer wesc re ee ee 


storage, Reset byte.3 to zero, 





mee ee ee eee ee ee 
















Attempt to reset counter with TODL destination of the 
low-order word (this include: byte 3 bit O and the clock-run 


Test TODL byte 3 bit 0 to determine the TODL CLK 
“switch setting. : 

Bit 0 = 0 if in enable-set position. 
Bit 0 = 1 if in secure position. 





if the switch is in the secure position, set condition code 1 
and return to t-cycles without setting the clock. 


If the switch is in the enable-set position, set the low-order 


word byte 3 bit 0 to 1 to set the clock control bit and set 
the clock-run latch when the word is destined to TODL. 





eee ee ee ee ee oe 


Set TODL from the low-order word in local storage. Clock 
starts with next 1-MHz oscillator pulse. 





ee ee 





” Set ‘condition code O and return to t-cycles. 





Store low-order.word of main-storage doubleword | in local ae 


WEMe-Clock instruction 


Store-Clock Instruction 


STCK D4(By) tsi] 


eeTosTe] 
o 8 16 


20 31 


82 = Operation code 


05 = Store-clock function 
81D1 = Storage address of an eight-byte field. May be located on 
a byte boundary. Bits 52-63 of field are: 


_ 52-55 = Set to zero. 
. §6-58 = TODL Ctrl Bits 0- 2. 
59-63 = CPU Identification bits. 


The store-clock instruction is used to place the current time-of- 
day clock vatue in the eight-byte field of main storage designated 


_ by the B1D1 portion of the instruction. The 52-bit clock value 


stores in the high-order of the doubleword assignment. The low- 
order byte stores the three clock control bits and the five-bit CPU 
pluggable identification. If the clock value is invalid, the double- 
word is stored with all zeros. 


Condition code settings: 


0 = Clock in set state. 

1 = Clock in not-set state. 
2 = Clock in error state. 

3 = Not used by the 3145. 


START 







Store TODH in high-order word local store. 










Test TODH for no change since store in local storage. If. 
TODLi is not latest, branch back to store TODH and TODL 


Test TODL byte 3 bits 1 and 2 for clock status. 

Bit 1 = 1 error state (invalid). 

Bit 2 = 0 not-set state (not valid TOD). 

Bit 2= 1 set state (valid TOD). 


ee nd 


If clock is in error state, set condition code 2. Set both 
local store words to zero and branch to GFST to store in 
main storage. 










SE en ee 


If clock is in set state, set condition code 0 and branch to 
GFST to store the clock words in main storage. 





em i ee ee 










If clock is in not-set state, set condition code 1 and 
branch to GFST to store the clock words in main storage. 





tf address is on word boundary, take two. store-word 
operations and return to I+ “cycles, : : 





If address ig not on word ee shift the dat to ‘align 
and store in three store-word operations, and return to. ; 
\-cycles, , 
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TOD Clock Output Assembler — | 


TODH 


TODCTRSO-7 0° A 
A ED y Byte 0 
TOD CTRS 8-15 \ 

TOD CTRS 16-23 | 











ee ay TOD CTRS 24-31 pas | 
EXP EXT BIT 3 and | 


(Not) EXP EXT BIT 4 
TOD CTRS 32-39 





TODL 





Byte O 


TOD CTRS 40-47 











A 
Byte 1 
IFA/TOD.ASM 
.. TOD CTRS 48-51 (See Note.) A 
8ITS0-2 TODL BYTE 3.BITO Byte 2 
a TOOL BYTE 3 BIT 1 
- TOOL BYTE 3 BIT 2 : 
- BITS3-7 1D NUMBER SESE SR TTI a see 2 
beet tn ae a Byte 3 ee ne ; 
CEXPEXTBIT Sand. IFA IFA/TOD ASM BYTES 0-3 BITS 0-7 





“EXPEXT.BIT4> 


Byte 0 


Byte 1 





IFA BYTES 0-3 BITS 0-7 





Byte 2 Z io oe A as - 





(NOT) EXP EXT BIT 3 and 
ANOT) EXP EXT BIT 4 


2 


Byte3 


— 









Note: Byte 2 Bits 4-7 not used. 
TODL output contains zeros. 


‘GATED LOGL ADDR Bytes 0-3 Bits 0-7 





(NOT) EXP EXT BIT 3 and 
EXP EXT BIT 4 





TOD Circuit Card Loo and Related Logic 


CIRCUIT CARD LOCATION: AIL2 . 


LOGIC/ALD PAGE: 


cro 
Osc Drive 





CIRCUIT CARD LOCATION: AtN2 


LOGIC/ALD PAGE: 
cTi11 


Time-of-Day Counter Advance Controls 
, Interval Timer Ose Drive 


CT12 
TOD Counter Set Controls 
Condition Codes 
identification 


IF A/TOD ASM BYTE 2B1TS 2-3 f° 


cT113 
Error Detection 


C1114 
TOD Ctrs 18-19 
TOD Ctrs 50-51 
TOD Asm Byte 2 Bits 2-3 


CT115 
; Lock-Load Timing Generation 


CIRCUIT CARD LOCATION: A1P2 


LOGIC/ALD PAGE: 


cT2i 
TOD Ctrs 0-1-2 
TCO Cts 32-33-" 


TOD Asm Byte 0 Bits 0-1-2 


cT212 
TOD Ctrs 3-4-5 
TOD Ctrs 35-36-37 








CT212 Continued 
TOD Asm Byte 0 Bits 3-4-5 


* ©7213 

TOD Ctrs 6-7-8 

TOD Ctrs 38-39-40 

TOD Asm Byte 0 Bits 6-7 
TOD Asm Byte 1 Bits 0 


cr214 


{FA/TOD Asm Byte 0 Bits 0 through 7 
- IFA/TOD Asm Byte 1 Bit 0 
Gating C sntrols 


' CT215 


Parity 

Parity Predict 

Parity Asm for Byte 0 
CT216 

TOD Termination 





CIRCUIT CARD LOCATION: A1Q2 


LOGIC/ALD PAGE: 


CT221_ 
TOD Ctrs 9-10-17 
TOD Ctrs 41-42-49 
TOD Asm Byte 1 Bits 1-2 
TOD Asm Byte 2 Bit 1 


C1222 
TOD Ctrs 11-12-13 
TOD Ctrs 43-44-45 
TOD Asm Byte 1 Bits 3-4-5 


CT223 
TOD Ctrs 14-15-16 
TOD Ctrs 46-47-48 
“2D Asm Byte 1 Bits 6-7 
TOD Asm Byte 2 Bit 0 


CcT¥224 
IFA/TOD Asm Byte 1 Bits 1 thru 7 
IFA/TOD Asm Byte 2 Bits 0-1 





CT225 . 
Parity 
Parity Predict 


Parity Asm for Byte 4 


CT226 
TOD Termination 





CIRCUIT CARD LOCATION: A1R2 


LOGIC/ALD PAGE: 


cT3t4 
TOD Ctrs 20-21-22 
IFA/TOD Asm Byte 2 Bits 4-5-6 


CT312 
TOD Ctrs 23-24-25 
iFA/TOD Asm Byte 2 Bit? 
IFA/TOD Asm Byte 3 Bits 0-1 


CT313 
TOD Ctrs 26-27-28 
IFA/TOD Asm Byte 3 Bits 2-3-4 


CT314 
TOD Ctrs 29-30-31 
IFA/TOD Asm Byte 3 Bits 5-6-7 


CT315 
Parity Asm for Bytes 2and 3 
Gate Buffers 


CT316 


Parity Predict for TOD Bytes 2 and 3 


CT317 
TOD Asm Byte 3 Bits 3-4-5-6-7 
CPU identification Number 
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INTERVAL TIMER 


The interval timer provides program interruption on a program- 
controlled time basis. interval timer applications include: 


@ Job accounting 
@ Monitoring for perpetual program loops 
@® Time stamping 


@ Polling at timed intervals 
X i] 

The storage area allocated for the interval timer feature is in 
main storage locations 50-53 hex. If the interval timer 
‘switch is set to NORM (normal), any value stored at this - 
location is decremented by the hardware. 

The program being processed can be interrupted by an 
external interruption (if PSW bit 7 and control register 0 
bit 24 are on) when the interval timer word changes from 
a positive to a negative value. The interruption is identified 
by the appropriate external interrupt register bit, 


Description 
® Has a 32-position counter 
®@ Stores fast timer value in MS 50 


® Contained on 3 cards: 


A-B2K4 Controls ALD CH031-032 
A-C1T2 and A-C1U2 Timer ALD CH211-225 


@ Uses same oscillator as TOD clock (High Resolution Timer 75.46- 
_ KHz osciflator) 


interval Timer Operation 
Enable or disable timer 
Decrement timer _ 
Set timer 
Read timer 
Display Timer 
Interval timer interrupt 


INTERVAL TIMER BLOCK DIAGRAM 


A 
Register 


A-Byte 
Assembier 





Interval 
Timer 

Control 
Circuits 








Ext SOBO/ 
Loc 50 
Assembier 





Gate Internal Storage 


SDBO 
Preassembiy 


To SDBO Assembier 


“Set from SOBI by diagnostic controts only 
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Enable Timer [7 
To enable the interval timer: oo eee e 


1. Set interva! timer switch to NORMAL. an \ 
2. Set rate switch to PROCESS, and. . 


3. Execute a return word (RTN with Br Lo = = 111) to set the timer 


fun latch, 





Decrement Timer e 


i : ‘The hardware circuits ate a ‘ighal to the counter, This deat is ee 
“synchronized with the oscillator which has a 13-us. time interval. 
At 45 to 135-time in the CPU clock cycle at the start of the 13-us. 


intervat counter position 31 is decremented. This update is ° 
_ inhibited each time the interval timer is being set to a new value. 


obtain this degree of resolution, the ability to store in byte 3: 
(positions 24-31) is inhibited by the timer hardware. Therefore, 
these positions are used functionally to assure that position 23 
is updated each 3.3 ms by a onal which is developed every 
13 us. 

Whenever an interrupt occurs, the timer value is stored in praii 
Storage location 80. if interrupts occur. at time intervals weater 
than 2.048 ms the TOD clock carry-out of bit position 41, 

: forces a branch to the section of microprogram (GICM) that 
sansters the timer value to: main phil location 80... 













Disable Timer : Mer 





a The interval timer is: disabled when: 

1. The interval timer switch is in DISABLE 
: 2. The rate switch isnot in mn PROCESS 
A timer error occurs. 





‘The timer value i is set fate the hardware and main 7 se0eiine loca- 
“tion 80 at 0 to 45-time of the storage-2 cycle of a storage word . 
that specifies: 


. ts A not k-addressable storage word, and 
2. A store word into renal 80. 






Read Timer 


‘The contents of the counter cannot be displayed directly. 
To enable the timer value to be checked the timer contents 
vate transferred by the 370 microprogram EJ 


2 Display Timer 


~The manual display of location shows thet timer value of the 
last Pavadie : - 







aa _tntrval Tier Switch 


NORMAL 
This switch position enebtes the interval timer controt circuits, 
‘which allows the hardware to be decremented continually. 








DISABLE 


This switch position disables the aeciat timer control circuits. 
Regardless of the interval-timer switch position, a store/display 
of location 80 displays enly the contents of main stc rage joca- 


. tion 80, 


interval Timer Interrupt 


. Once enabled, the timer decrements continually, The instant 


that the value changes from positive to negative, an interrupt 


‘condition is indicated. The interrupt routine (GICM) tests for 


this timer value change in LS Y (LS 16). When LS 16 bit 0’ 


’ changes from zero to one, the microprogram branches 
- when YO-bit O=1 EJ and sets [] the External (nterrupt register 
Position 23 of the counter is decremented every 3.3 ms; To apoen 


bit 0 (Ext 12, byte 0 bit 0) on. 
During program execution, whenever both PSW bit 7 and 


“°, MSKA bit 0 are on, the timer interrupt request is gated to the 
"interrupt latch, The system uses this to execute the interrupt 


handling routine. 















PXO, OE, 52 Set P for interrupt routine 
VC =0+ K50 V = 0000050 
ROW Y ON, 50 1 Read timer hardware 
RDW X V, NOP Ey) Read location 80° 
Y3= X3 Preserve byte 3 

_STWY DM, 50 [EJ] Update location 80 

















































Time 1,80[E3] Yo Current value negative? - 
TiMR OO | TIMR 1,0 EXTINT, OR, K80 | Set timer interrupt-request 
TIMR 10 MISC B1 SYS1 Continue GICM 





TIMR 11 TIMR BO, 0 x0 Was last value negative? 


Notes: 1.. These statements EX are found at the beginning of the GICM routine. 


2.. The timer update [J occurs only when either a system interrupt or a 
TOD forced interrupt occurs. 





User Program 


reer 2.48 MS ween eee 
Macroinstruction st Macroinstructionsecroineruction Macroinstruction 





ARR HH HA 


(48641400) 
STORE TIMER 


(Storage Word 
Control Word) 
(Hardware and 





GICM Routine 
(System Interrupt) 


GICM Routine 
(TOD Forced Interrupt) 






focation 80) : : ; 
not K-addressable, i 
store word, Hattie Ha4++$4iH 
tocation 80 } ‘ i 


Timer Update 


Timer Update 


(61641410) (48605010) 





- (40605011) 


READ TIMER | READ LOCATION 83 ; STORE IN LOCATION 80 
"| location 80, byte 3} | SOSOSOSOCSCSOSSS—~—S 


(Storage Word (Storage Word 
Contra! Word) (Storage Word Control Controt Word). 
{hardware} Word) not K-eddress- K-addressable, store 
K-addressebie, sble, read byte, word, location 80° 
read werd, Secation 

leantion @D 


As ¥ 
[ 
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OS/DOS COMPATIBILITY 
introduction 


| @ Consists of the OS/DOS emulator program and the hardware 
and microprogramming needed for execution. 


® Two new instructions: Execute Local (EXL) and Adjust CCW 
. String (ACCW), are used by the emulator-program, 


° @ The DOS Emulator and the DOS system being emulated are 
“located in main storage above the OS area. 


@ The minimum ) storage area needed for the DOS enamie and 
Se the DOS system is 38K bytes. ; 2 TEE 





:.@ The OS/DOS emulator operates in the same manner as any : 
"O05 job. 


When operating in total made {DOS programs being executed), 

all addresses pertaining to the DOS area are adjusted by the | 

address-adjustment hardware. 

When loca! mode is terminated, addressing is performed in the 
standard manner. , 

Refer ““OS/DOS Functional Units", and “Real Address 
Computation Example” for an explanation of the address- 
adjustment hardware. 

Address translation is needed for DOS emulation because 
the addresses of the DOS supervisor (SV) are basically fixed 
._. and the DOS supervisor is focated in an area of storage not -~ , 
© normally used by DOS SV; All references to the fixed addresses’ 
of the DOS SV must be adjusted to reflect the real location of 
these fixed areas. 

The EXL instruction operates with the LEX List, which is 
a table that the emulator program loads before the execution 
of the DOS area. This list is located in the emulator area and 
is used to handle entry to and exit from the focal mode of 
-, operation. 

“The ACCW instruction operates with the Adjust CCW list 

“ {ACCW List). The ACCW list is loaded and maintained by the 
emulator program for use in the adjustment of CCW data addresses. 

The OS/DOS emulator and the DOS system being emulated . 

*- (DOS supervisor and up to three processing program partitions) 
execute together in an MFT partition or MVT region, which must 
be a minimum of 38K. The OS/DOS emulator program and tables 
_- require 22K plus another 4K if 1/0 staging is used. Additional 

.OS/DOS emulator program storage may be required, depending 

-". onthe I/O devices used. Up to ten I/O devices are supported in: : 

“22K, and 250 bytes are required for each additional device. The: 
- 1/0 Staging requirement of 4K supports unblocked reader, printer, 
and punch records and residence of the required ase routines 

: in the OS/DOS emulator partition or region. 

The DOS system being emulated can be 16K, 24K, or + 32K and: 
up, in 4K increments. The OS/DOS emulator is scheduled to 

operate in the same manner as any other OS job, Several OS/DOS 
. emulator jobs can execute concurrently with OS jobs if enough 

1/O devices and processor storage.are available. In addition, the. - 

Model 145.0S 1401/1440/1460 and 1410/7010 Emulator pro-- 

- grams can execute concurreritly with the Os/DOs Smiter it A 
enough resources are preserit. 3 7 nN  : 


EXAMPLE STORAGE ASSIGNMENT for 256K MODEL 145 


p0s Area—Local Mode me 


eo 


Address-Adjustment Factor 


——— 


015000 














OS JOBS 


QSAM Routines and t/O 
buffers for 1/O staging 


DOS F1 partition 


DOS F2 partition 







“ DOS BG partition 


DOS Supervisor 


BOS Emulator and tables. 
010000 : ? 




















. Os partition for” 





DOs Emulator 


STANDARD FEATURES CPU ne 


OS/DOS Functional Unit 


Translate Look-Aside Buffer (TLB) oes 
@ Eight 26-bit registers contain the focal and real addresses ee 


used during the accessing of the local area when operating 
in local mode. 


@ The focal address i uaplaage pytss 0 dese on and byte Lee 
(bits 03) of the TLB. : 





e The local address ay peted to ‘the registers ‘from PAA. 


® The real address occupies byte 2 (bits 0-7) and byte 3 
“ {bits 0-3) of the TLB. | 


@ The real address is gated to the registers from EBI. 
® The register to be loaded i is addressed by the LRU. - 


© The: TLB can be displayed through EXT 2E with switch H 
ay onesies ! of 8 registers: a rane : 


lan Fiscently Used (LRU) Matrix 


@ The LRU is an address matrix that keeps track of the use of 
the translate look-aside buffer, 


© The LRU addresses the least recently used translate look-aside 
__butfer whenever | a computed real address must be loaded. 

° ‘Composed of 28 latches and associated circuits, : : 
e "The LRU is reset to zero before the OS/DOS operation. 
@ The LRU can be displayed through EXT 08 byte 2. 


When | a mismatch occurs between the local address portion of the 


PAA and the Jocal address portion of the TLB, the LRU determines er 


the register to be loaded with the computed real address. In the. 

-GGST microroutine, the computed reat address is loaded into TLB 
bytes 2 and 3 and the local address causing the mismatch is loaded 

‘into TLB bytes 0 and 1 addressed by the LRU. 

_ The status of the LRU is changed each time a match occurs be- 
‘tween the local address portion of the PAA and the local aches 
from the translate look-aside buffer. This constant changing . ° 
assures that the least recently used cegister is addressed when @ a. 
mismatch o occurs, s. Refer “LRU Operation andl 


(es 











Match Circuits 


@ Perform the comparison of the loca! address portion of the 
PAA and the local address portion of the translate look-aside 
buffer bytes 0 and 1. 


@ Output-of the match circuits sets and resets specified 
combinations of the LRU. ; . 


.@ ‘The match circuit can be displayed through EXT 08 byte re 


When displaying the match circuits, the PAA must contain 
valid information. 


Thére is a match circuit for each translate look-aside buffer. - 
When a match occurs, the corresponding LRU row is set to ones 
and the corresponding column is reset to zeros, The resulting 


' status of the LRU provides the means of addressing the least 
- recently used register. - 







EB! 
{PAA + ADJ Factor) 


Xm to M2 bits 4-7 
M3 bits 0-7 


X——— to M1 bits 0-7 | 


M2 bits 03 





> Trap D80C 
{to Load TLB) 
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LRU Operational Example 


_ FIRST STORAGE ACCESS ATTEMPT 


Real Local 

Addr Addr : 
Bytes Bytes = Match 
2,3 0,1 Circuits © 












017. 003 


|__| Nomatch 


. LO1A 006 | 


.* Translate Look-Aside Buffer 
PAA local address (00A) 





WOO akwn oo 


SUCCESSFUL EXECUTION OF STORAGE WORD 


- Real Local 

, Addr Addr. 

- Bytes Bytes Match 
2,3 0,1 ; Circuits 






[018 001 | 


Translate Look-Aside Buffer 
PAA local address (00A) — - 












match on 4 
Set row 4 
Reset column 4 





NOMURWNH =O | 








6 now least recently used 


(row 6=0s and column 6=1s) 


Assume: 


Objectives: 


Description: 








are compared. 


f ieiteds into, TLB 6. 


STANDARD FEATURES 


Storage access attempted for focal address OQAOO0O. 
Adjustment factor = 14000 
Translate look-aside buffers are set to values indicated. 
Table buffer Regs are set to values indicated... 


Provide a real address to the M-register to access - 
the local area specified as address OA000, _ 

When the storage access is attempted in focal pate 
the local address portion of the PAA and the focal - 
address portion of the Arayalete 100k aside paltets : 


A no-match condition rea froin the match: 
circuits. This no-match condition causes a trap 7° 
to control-storage address D80C. The GGST a 
microroutine is executed. The GGST microroutine: 

Computes the real address by adding the local: . 
address and the adjustment factor, 

Re-executes recently used of the translate ; 
look-aside buffers with the real and local * 
address, : 

Re-executes the storage word that caused the. 
mismatch. 

Re-executing the storage word causes a match to 





_ occur from the number 4 TLB. the number 4 TLB 


was loaded in the GGST microroutine. 
The match tine from the number 4 ragister sets 
row 4 and resets column 4 of the LRU. The status 


> of the LRU now indicates that TLB Gis the least. 
_* recently used, Should a mismatch occur on the - 


next storage access, the eee rea} address i is 





CPU 118 





New Instructions for Bos Emulator 


© The new instructions are Execute Local (EXL), and Adjust §*. 
CCW string (ACCW). : ; 





/@ The Op code for: both these instructions i 82. 








-'@ The immediate byt ‘ determines which of thd two instructions . 
, is to be executed. eos “ 


Executy Local Ne eee Bi 


-@) This instruction addresses the LEX list, performs certain 
_ initialization functions, and sets s local mode for system” 
_ Operation. : 


When the EXL instruction is vaneilad: the condition code, program: - 


mask, and instruction address in the current. PSW are replaced by 
‘values from the LEX list. General registers 14 and 15 are loaded ~ 
from the LEX list and the CPU is placed in Local mode. 3 
During the execution of the EXL instruction, the modified 


PSW is not checked for Program interruptions. Any such checks haa 


occur as part of the next t instruction execution. 





: Condition Code 


ue ‘Upon completion of the EX nstruction, ‘the ¢ condition code i is. ho 


“set according | to the coridition code loaded from the LEX list. 


Program Interruptions 


Addressing: The address of the LEX list is invalid. The address 
formed by the addition of the origin address and 
“the local address exceeds the maximum address 
allocated to the emulator program. 
* 88 The operation is suppressed. 
| Operation: ~ The instruction is not instafled. The operation is 
vas Suppressed. 
Protection: . The LEX list is protected for fetching or storing. 
: ~~ The operation is suppressed. “ 
Specification: The first operand address does not specify a 64». 
: byte boundary. 
"The origin address is not 2 multiple of 4096. 
~The local limit address is not one less than a 
fe multiple of 4096. 
The operation is susprevoad 








i Special i 
Operations: {f the EXL instruction, the ‘AccW instruction, 
the Monitor Call instruction, or the emulator 
instruction is encountered while in local mode, 
c).. the operation is suppressed. The i interruption ” 
"is reflected in the LEX list of the program ‘ 
that placed the CPU in local mode. 





oR Siiiieged operation is any privileged instruction encountered 
- while in local mode. 
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Locst List Format and Definition 


Bytes 0, 1 


Reserved for emulator program use. This area is 


’ not addressed by the EXL instruction. 


Bytes 2,3 
Bytes’ 03 
Bytes. 47 
Bytes ent 
Bytes 1216 
‘Bytes : “1619 
“Bytes 20-23 
“Bytes 24-27 
Bytes 28-31 
Bytes 32.35 
Bytes 36-39 


» Upon termination of local mode by a program or 
‘> supervisor call interruption, the 16-bit interruption * 


code describing the Ste UBCON: is et in this. 
field. 


Programming us 
Local Instruction Addre: 
Heo 





-, General Register 14 


General Register 15 





Byte: 36-39 When local mode is terminated by an sarees 


nous interruption (external, 1/0, or machine- 


~) check), the address located in bytes 37-39 is placed 


in the PSW. The high-order byte is reserved and 
should be set to zero. The adjusted PSW is stored 


. inthe corresponding low storage old PSW and an 
"+ interrupt is taken to the OS supervisor. 





Bytes 4-7 


Bytes 8-11. 


Bytes 12-15 


Bytes 16-19 


Bytes 20-23 





Bytes 24-27 


Bytes 28-31 


Bytes 32-35 


_ order byte is reserved and should be set to zero, 


Updates the current PSW when the EXL instruction 


_ Is executed. The instruction address in bytes 5-7 is 


the address of the next instruction within the DOS: 
area. Whenever local mode is terminated by an inter- 
ruption, this area is updated. The ILC field is rr 
unpredictable when local mode is terminated by an. 
asynchronous interruption. 


The value in this field is loaded into general register. 
14 when the EXL instruction is executed. When 

tocal mode is terminated by an interruption, the eee 
current contents of general — 14 are stored | 

into this field. 


The value in this field is lorried into general 
register 15 when the EXL instruction is executed. 
When local mode is terminated by an interrup- -- 


“tion, the current contents of general register 15 


are stored into this field. 


The address contained in bytes 17-19 correspona> 
to the address adjustment factor and points to the. : 
zero address of the emulated DOS supervisor. This - 
address must be a multiple of 4096, or.a specifica- 
tion interrupt occurs. The high-order byte of this 
field is reserved and should be set to zero. 


The address contained in bytes 21-23 specifies the 





:, upper address of the emulated environment, The eee 
_» . address must specify one less than a 4096 : 
= poundary, or 4 specification interrupt occurs. The 







high-order byte of this field i is Feserved and should ee ; 
be set to zero. |. = eatocs vide 2 ke 





When local mode i is erinmnetal ‘by a eGarami or: 
supervisor call interruption, this address points to... 
the instruction causing the interruption. This -. < 
address is within the boundary of the emulator. - 

program. ff the instruction causing the interrup-. - 
tion was the object of an Execute instruction, the: 





- address placed in this field would be the address of. 
" the Execute instruction. 


The contents of the address field are unpre- 
dictable when local mode is terminated by an 
asynchronous interruption. The high-order byte of 
this field is set to zero. 


When local mode is terminated by a supervisor 
call interrupt, the address located in bytes 29-31 is, 
placed in the PSW. This address is within the 





. boundary of the ernulator program. The high- ~ 


order byte is reserved and should be set to zero. 


When tocal mode is terminated by a program 
interrupt, the address located in bytes 33-35 is 
placed in the PSW. This address is within the”: 
boundary of the emulator program. The high 








STANDARD FEATURES 
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_ EX EXAMPLE: EXECUSSSM and LOCAL MODE OPERATION START 
: 4 * Z is 


". EXL Sets Local Mode 





Current PSW 


Address 





~ "EXL Points to. LEX list 












yming Use Interruption Code 


Bytes 4-7 tle Prog. Mask Local Instruction Address 


- General Register 14 
Bytes 12-15 






| Gen Reg 14 
ae ys es Gen Reg 15 
: General Register 15 ee oP ns 
: ‘Origin Address a ; : 
ca © Local Limit Address 
. Last Instruction Address 
4 * SVC Interruption Address 


wa us : Program Interruption Address 
te § Asynchronous Interruption Address i 


LEX Litt 6 wee 


"Bytes 16-19 © 


Bytes 20-23 - 








: ‘Bytes 24-27 eo Reserved 





ie Bytes 28-31. ae aie Reserved 


- pnesz098 
















Real 
Address 


ADD 
Addresses 


Address Exception 


All address adjustments, while in local 
mode, are handled by the address-edjustment 
hardware, 


Local Area 
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: STANDARD FEATURES © 
Reet Address Computation Example oR ahah 





EXL Instruction ; Assume: All registers have been initialized. PAA ¥ 


Adjustment Factor = 14000 
82 OE 81 01 


yt 













CURRENT PSW 
001000 cone 
an eae 0 


eoo-0a0 


Match occurs; to allow Meg set up landcycle LRU, 


LEX LIST 





M-REG 


Local Address 

- Mi ee re 
! : , M2 Read address of emutated instruction. 
L----------- ae Ce 





pyar jarauien 
PRLS 


PAA ; TRANSLATE LOOK-ASIDE BUFFER 





it) ' 

0 \ 

1 } AFTER TRAP ROUTINE f 
0 

0 

(0) 





No Match 






Local Reat 
Address . Address .: 


 Bytes0,1 Bytes 2,3 “Trap to DB0C 















o Freaze |, V, W, TR, and PAA. . 
1 : ; 
2 Trap routine GGST 
Compute real address, load real address Local address 001 
3 and local address into TLB 0, Adjustment factor +014 
4 Re-execute the storage word that caused Real address | O18 - 
: the mismatch, _ eat ak , 
") LRU MATRIX 5 
6 
eae a]. eee When the EXL instruction has been executed and control is 
TRANSLATE LOOK-ASIDE BUFFER =) CEs : passed to the current PSW, the address-adjustment circuits are 


activated. : : 
Anitisily theloval Sadross snd the {n local mode, each time an access is made to main storage, with 
a an ADJ storage word, the local address portion of the PAA is 
Occurs, ‘ : : checked against the local address area of allt eight TLBs. When a ; 
ws match is detected, the real address from the TLB causing the match °° 
- is gated to the M-register. The displacement value from PAA is also 
“gated to the M-Reg to make up the complete real address of the 
-docation to be accessed. ise 
When a no-match condition occurs, a trap is forced and the : 
GGST microroutine is executed. The real address is formed, and 
“the real address and local address are loaded into the least recently 
used TLB. The storage. word causing the mismatch is re-executed. 
The resulting match condition gates the real-address to the M- 
register for a main-storage access and updates the LRU matrix. 









Adjust Cow Sting =| WY OF | ot for | 
© The operand address designates the Adjust CCW (ACCW) list.* "> 


© With the information from the ACCW list, this instruction” * 
addresses CCWs and performs adjustment on the data na Alec 
of the ccs. 


The ACCW instruction interprets successive douslewotdes as CCWs 
and.adjusts their data addresses by algebraically adding the adjust- 
ment factor to them. This process continues until: ‘ 


The last CCW adjusted did not specify chaining, or 
“A CCW whose command code specifies TIC has been adjusted, or 


A cew whose data address points outside the emulated 
environment is encountered, or 


"The address of the next CCW is outside the limits of the emulated 
"environment or does not specify a doubleword boundary. ; 


Any of these ‘conditions terminates the instruction and sets 
“the proper condition code to specify the reason for termina- 
tion. 

When the ACCW instruction is completed, the address of the 
last CCW adjusted +8 is stored in bytes 17-19 of the ACCW list 
far condition codes 0, 1, or 2. For condition code 3, the address 
stored is CCW + 0. If data chaining was in progress, the command 
code and the address of the CCW containing the command code 
are set in the operation byte and operation Ro lntee fieids, 

‘. tespectively, : 

iat 1F the last CCW adjusted specified tiansfer in channal: bytes 

© 21-23 of the ACCW list contain the unadjusted data address from 
the TIC CCW. If the TIC CCW is encountered in a data-chaining 
sequence, the operation byte and operation pointer of the ACCW 
list contain the values set from the first CCW of the chain. When 
the TIC is not data-chained, the operation byte in the ACCW list 
is set.to.zero. The CCW address field in the ACCW list is set to 

. the address +8 of the ee aaa 


Condition Code 


' 0 End of the CCW string. The last CCW adjusted specified neither 
|. data chaining nor command chaining. ; 
1 ATIC CCW was the last CCW adjusted. son 
2 An adjusted data address was encountered that fell outside the: 
apes area of the emulated environment. 
The address of the n=xt CCW to be adjusted did not malty a 











+ Program Interruptions 
& * Addressing: . The address of the ACCW list is outside available 


storage. The operation is suppressed. 
The address of a CCW is outside avaitable storage. 
The operation is terminated.. 

Operation: The instruction is not installed. The operation is 
suppressed. 


Protection: ” . The ACCW list is protected for storing or fetching. 


The operation is suppressed. 
A CCW is protected for fetching or storing. The 
operation is terminated. 
Specification: The first operand address does not specify a 64- 
et byte boundary; the signed adjustment factor is 
not a multiple of 4096; the local limit address is 


not one less than a multiple of 4096. The operation 


is suppressed. 

Speciat . : 

Operation: © The ACCW instruction was encountered while in 
local mode. The operation is suppressed. The 
interruptira) is reflected to the program that placed 
the CPU in local mode by an address in the focal 
mode or by an address in the focal list. 
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Adjust CCW List Format and Definition 


o 2 Byte.03 fits Signed Adjustment Factor cs 


= _ Bytes 47 
Bytes 8-11 


Bytes 12-15 






Bytes 16-19" 


= Bytes 20-23 








Bytes 0-3 


The signed binary number located in this field is = 
added to the data address of the CCW addressed” 
by bytes 16-19 of the ACCW list. The 24 low-order. ”. 


"bits of the result are set into the data address field. 
~ of the CCW. The CCW data address, which is local - 
<»,to the emulated environment, is compared against 


the local limit address: If the comparison indicates ce 


‘that the local address is above the local limit ad- 


Bytes 4-7 — 


dress, a program interruption occurs. 


The address contained in bytes 5-7 specifies the 
upper address of the emulated environment. The 
address must specify one less than a 4096 


’ boundary, or a specification interrupt occurs, The 


Bytes 8-11 


Jocal limit address is compared with the focal CCW 
address, and the extreme local address of the 
storage area defined for each CCW by the data ad- 
dress, command code, and unit, to assure that the 
local address is within the limits of the storage 
area assigned to the emulated environment. 


The operation byte (byte 11) carries the command 
code for CCWs that are data-chained. The opera- 
tion byte is set to-zero if the CCW being pro- 
cessed is not data-chained. When the operation 


_ byte is fetched from the ACCW list, the high-order - 


“bytes of this field are ignored. When the operation 


byte is stored in the ACCW list, the high-order 
bytes are set to zero. A nonzero operation byte 


“.. encountered upon initiation of the instruction ©... 
~ indicates that the first CCW to be adjusted is part. 


Bytes 12-15. 


Bytes 16-19 


“. ofa data-chained sequence. 






This field contains the address of the CCW that... 
originated the operation byte for the last non-TIC 
CCW adjusted. When this address is fetched from 

the ACCW list, the high-order byte is ignored. 

When the address is stored in the ACCW list, the. ~ 
high-order byte is set to zero. ees 


The address contained in this field is the address of 3 
the first CCW of a string when the ACCW instruc... 
tion is encountered. When the ACCW is completed, 


- this address points to the doubleword above the. 


“5 the ACCW list, the high-order byte is ignored. =". 


Bytes 20-23 


last CCW adjusted when terminated with condi- 

tion 0, 1, or 2. When terminated with condition 

code 3, the address points to the CCW causing 
termination. When this address is fetched from 





When the address is stored in the ACCW list, the ~~ 
high-order byte is set to zero. a 2 Sarge, : 
Contains the unadjusted data address from the - 
CCW whose command specifies transfer in 

channel. The high-order byte is set to zero. 
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OPERATION EXAMPLE. ACCW INSTRUCTION 


ACCW Instruction |: 


B2.10F a1! Ol. 










Local Limit Address 
{Local Addresses only) 


biedeet oly : The operand address of the ACCW instruction points to the 
fe de ACCW list. 
en poet : The CCW address from the ACCW list points to the first CCW 
sony to be adjusted. 
: : , , The operation byte contains the command code from the first 
CCW in a data-chaining sequence. 

The operation pointer contains the address of the CCW that 
provided the operation byte. 

Each CCW in the chain is addressed from the ACCW list. 

The data address from the CCW is added with the signed ad- 

| justment factor from the ACCW list. The local CCW address is 
compared with the local limit address. If the comparison indi-.. 
. Cates a valid local address, the operation continues. tf the com- 
parison indicates an invalid local address, the operation is termi- 
" nated and a condition code of 3 is set. The extreme local address 
of the storage area defined for each CCW by the data address, 
command code, and count are compared with the local limit 
address and zero. If the comparisons indicate a valid local 
storage area, the adjusted data address is placed in the data 
address field of the CCW. If the address compare is invalid, the 
operation is terminated and a condition code of 2 is set. 

The CCW address in the ACCW list is updated +8 to point to 
the next CCW to be adjusted. When the fast CCW in the string has 
been adjusted, the CCW address points to the next sequential 
doubleword. 


[ Reserved cof TEES 





7 8 . ACCW LIST. : on Uy 0) Result = Reel or Local Address 
: Bytes 03. «1 2.4 Signed Adjustment Factor : ; “ S : Se ; 





: avis 1619 q 





ae 7 ‘ ejre 20-23 TIC Data Address 
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EXL and ACCW instruction Execution 


START 


GAA! (t Cycles} 


Decode 82 Op. 
First Operand |. ° 


address set in 
V-register. 





GGB2 INVOP 01 


Set the Q-Reg 
_to the proper 
address for. 
entry to the 
GHYP routine. 


Return using 
Qas link Reg. 





O88) 


HYPERS 







Special Operation 
Exception; go to 

_. GICM routine for 
* interrupt. 





Specification - "7 ACCW 
-.. Exception: go 


to GICM for 
interrupt. 





(XX3C) 


Local 
Mode 


“sin the ACCW list. 


“RDW Y ADJ, V +4 


No” 


: GHYP OPRBND 11 
ROW Q ADJ, V+4 









Place signed adjustment 


V now points to the 
local limit address 





factor in Q-Reg. 









Place local limit ; 


V now points to the address in Y-Reg. 


operation byte field 
in the ACCW list. 


a = 0000XX38 for EXL 
* =" “1a = 0000xx3C_ for ACCW 


RCCWS 








instruction. 


“EXEL 








GHYP. | RELBND 10 


Do COW adjust as) 
described for ACCW._ 





GuyYe OPRBND 01 


Store local list. 
pointer at FF28. ae 





Set locat list 
pointer to the 
Origin tocation. 


GHyYP OPRBND 11 


Place origin 
address in Q-Reg. | 


Place local limit 
address in Y-Reg. 


Check addresses. 

{f valid, continue; If 

not, take specification 
exception and branch to 
GICM for interrupt, 

















ROWQ ADI, V +4 





himit address locetion 


— = oa @= aw 


ROW Y ADJ, V +4 


V now points to last 
instruction address 
location in the focal list. 


EXL. 


io 


“GHYP | RELBNO 20 


-’ Check the sum of 

~ the local limit 

. address and the 

: origin, tt valid, 
continue; if not, i 
«take address 
* exception and 
*: branch to GICM - 
_ for interrupt. . >; 




















* Set local pointer 

: beck to start of 
focal list. 

_ Set registers for 

‘ focal execution. 
Set local mode and 

return to I-cycles. 








_V now points to focal. © 2 





“Gn the local fist. 5 
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interruptions : 
Any interrupt removes the CPU from loca! mode. ; LEX LIST AFTER SVC INTERRUPT 


_ All synchronous interrupts that occur while in local mode ‘ 
are handled by the emulator program. 





































All asynchronous interrupts that occur while in loca! mode are : See a js tT : — - ten 
fa supervisor “call, program, External, 1/0, or recoverable : ; : 
mode, the following actions take place:. : as 
The 16-bit interruption code associated with the supervisor call ; : Bytes = 12-15 
..Or program interruption is stored in the interruption code field pane , ssa 
_ of the LEX list. The contents of this field after an external, ue: ies pig ee Eas Pe Bytes 16-19 : 
or-machine-check, interruption are unpredictable. © vA pes OE 7 sae on 
The ILC, CC, program. mask, and instruction address of the ‘ ae 4 ee - Bytes. 20-23 : 
“current PSW are stored in the bytes 4-7 of the LEX list. The value me AS — = ; 
~ of the ILC after an asynchronous interruption is unpredictable, a Bytes 24-27 a 
The current contents of general registers 14 and 15 are stored — : 
into bytes 8-15 of the LEX list, ae Bytes 2831 Reserved ]svetmeruptionaaies 
If the interrupt is a supervisor call or program baler: the ee : ene - 
local address of the instruction causing the interruption is store Bytes 32-35 Reserved % 
" into bytes 25-27 of the LEX list. 1f the instruction causing the wet ts So — SPAIN — - ~ 
interrupt was the object of an Execute instruction, the local > Bytes 36-39 | “Reserved | Asynchronous intrupion Ader | 
“\ address of the Execute instruction is stared, 2° = ‘Be gel ag nisi — 


"The address of the corresponding Interrupt (svc, program, or. 

asynchronous) i is loaded into the current PSW from the LEX list. 

"If the interrupt is an asynchronous interrupt, (1/0, external, or 

: fachine-check) the adjusted current PQWi is stored in the cor-: 
responding low storage old PSW and interrupe is s then ‘gent 10, 

"the OS supervisor." 

: Ridin: CPU i is removes from local mode, 


~ When the interruption is a specification exception due to an odd 
address, the ILC is unpredictable. The Last instruction ee: 
contains the pas rasa 





bisa PROGRAM mee BP Bea ae Ear oo LEX LIST AFTER AN ASYNCHRONOUS INTERRUPT 


- Program Interrupt Code 









: Programming Use 








Lregerining Use 
















































Bytes 0-3 Bytes 0-3 
Bytes: 4a - oh “Local Instruction Address Bytes 4-7 
Bytes 8-11 
Bytes 12-15 
oe mee = Local Limit Address esiees ah Local Limit Ad ean ie 
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STANDARD FEATURES. CPU 128 
SVC INTERRUPTION EXAMPLE 


Store SVC interruption code, 
Local mode is reset by the interruption 


Current PSW 






"ns 






* Programming Use 










Bytes 03 0 Boe: Prog GF oe lee ace: Interruption Code - ILC -! CC! ProgMask | Address 
rl 5 
47 bilgi ; Local Instruction Address 









aan General Register 14 _tocatanea 2 





General Register 15. 


a oe 
pane ae GenRegi6 | oy: 
fae : : possyv 


. Bytes 


ae : Bytes A 3 2 31 f ‘Reserved "1 SVC Interruption Address 
Bytes. : Reserved |: eS i Program interruption Address ek 
oe This address points to tha SVC handling 
Asynchronous interruption Address soutine within the emulator program. 


The SVC routine in the emulator program decodes 
LEX List the information carried in the SVC instruction to 
determine the DOS SV address to branch to. 
This type of interrupt has no PSW swaps. 


ron Once the DOS return address has been computed, 
“an EXL instruction is executed, local mode is set, 
and a return is made to an address in the DOS SV. 


a a‘ eo yo : : Address of SVC 
- Bytes foc. Reserved oye Last Instruction Address 





Bytes 


The DOS superv rates in problem state. When a Start 1/0... ~ 
instruction (privileges instruction) is executed in the DOS super-* ~~ 
visor, the DOS emulator intercepts the program interrupt causing 


the following to be performed by the 3145 microprogram 
(Emulator Interrupts GHYI). 


1. The privileged operation interruption code i is set into bytes 2 
and 3 of the LEX list. 


2. The selected current PSW instruction V address i is toaded into 
bytes 4- 7 of the LEX fist. 


ad 3. The address of the Start 1/0 instruction is stored into byes 


25-27 of the LEX list. 


4. The current values of general registers 14 and 15 are stored 
into bytes 8-15 of the LEX list. 


5. The program interruption address, bytes 33- 35 of the LEX © 


list, is placed into the current PSW. 


6. The CPU i is removed from LEX Mode: 


: The DOS emulator’ commences instruction seabution at the 


the address specified by the program iterupton address and 


‘performs the following: 


1. The ACCW instruction is executed to adjust the CCW data 
addresses to their values in the emulator program. 


2. Control is transferred to the OS SV to handle the Start 1/0. 


~: When the OS SV has handled the Start I/O, a return is made 
: to the DOS Emulator:. The EX instruction ig then executed 


to restore information prior to restarting the DOS SV at the 

point of interruption. Refer to “EXL Example: Execution.” 
Upon completion of the 1/0 operation, another ACCW instruc- 

tion is executed to restore the Cow, data addresses to their local 


.. Values. > 


START 1/0 INTERRUPTION EXAMPLE 


Start 1/0 from DOS Supervisor 


DOSSV. 
Start 1/0 


Program Interruption 


Leave local mode 







Adjust CCWs = ~ -— 


B DOS Emulator « 
ACCW 


ossvV...e 
: Starts /O ek 





Resume execution 
Set local mode 


at 
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MONITOR CALL 


The monitor call feature allows the programmer to place a trace 
on his program operation. The monitor call instruction is inserted 
as desired, throughout the program to cause program interrupt 
when that point is reached. The conditions can be made selective 
by segregating them into up to sixteen classes. These classes can 
be masked to allow interrupts only for specific conditions. A code 
number placed in the operand field of the instruction is reported 
along with the monitor class number during each interruption. 


Monitor Calt Instruction 


MC” si. 
Py 8 16 20 31 


12 Bits 8-11 must be zero. 
Bits 12-15 contains one of sixteen monitor class numbers in 
: binary notation for the test. 


: B1 General register to used in determining the monitor code 
7 along with D4. 


D1 This field, along with the register defined by 81, is added to 
produce the monitor code. (D1 can identify 256 
codes without the use of the register.) 


; The monitor class number specified in the 12 field of the 


: instruction is tested against the monitor class mask in control“: 
‘register 8. The sixteen bit mask identifies the monitor classes’! "-* 


with bit 16 for. class 0 and bit 31 for class 16. If the mask allows . 
the class, a program interrupt is initiated. When a class is inhibited, 
* the monitor call instruction passes as a No-Op. 


Control Register 8 


oO : 16 ; at. 


When the instruction initiates an interrupt, the monitor class 
number specified by the instruction is posted in permanent storage 
byte location 95. The class is posted as a binary number in the low- 
order with the high-order set to zero. The computed monitor code 
is set into permanent storage word location 156 with byte 0 set to 
zero. 


~ Permanent Storage 94 | 
0 


Permanent Storage 9C 





Monitor Code 





oa, 16 ry) a 


Example: 
tastruction 


Execute next 
instruction : 


a, 


CONTROL REGISTERS | 









Match instruction (2 field value 


with appropriate bit in monitor 
mask (value 04 match with mask 
bit 4). 


Set Program Interrupt 
code 40 at address 8E 


Set 12 field bits 12-15 into 
monitor class number at 


address 95, 





Compute 61 and D1 
address and store as 







monitor code at’ 
' address 9C. 


Zs a “Fake monitor call : 
. program interrupt | 
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EXTENDED CONTROBMODE 


Introduction 
: The extended control (EC) feature of the 3145 jnitiates and re-.- 


ate in basic control (BC) mede to accommodate programs written 
for System/360. A new PSW format is used along with control 
registers and extensions to the permanent assigned storage to 
implement EC mode. , 


- Bit.12 of both the old and new formats of the PSW hasa 


common notation for identification. When the bit fs set to 0, the 

- CPU reads the PSW as BC mode, If the bit is set to 1, the PSW is . 
 tead as EC mode. The.change from one mode to the other can be 
made with any PSW interchange. An 1/O operation can be started 
in one mode and continued to an ending in the other mode. EC 

" mode is required't in order to perform most of the Syprenils/0 
features. : See 


Feature Mask 





: . ‘The changes to the basic Psw are made to satisty requirernerts of». 


i ‘the EC feature.. An expended © systetn mask controls additional - 

os” features. 

oo" Mask bits for the new features aise the system (t/O) mask of 
the BC mode PSW. The system mask is moved to the contro! reg- 
isters.. The condition code and program mask fields have been 

". moved to bits 18 - 23 of the EC mode PSW. The ILC and the 

“interruption codes have been moved to an area of the epareey 
ass igned storage. le oe 









ae EC wetes activates he following features on the 3145. 
- System Mask bits on 1 allow the indicated features to function. 


-- BR Program Event Recording (PER) — This feature allows the 

: programmer to debug his programs by identifying instruc- 
‘tions that could cause trouble in operation. These include 
branch conditions, instruction fetch, storage alterations, ° 
and general register alterations. The recognition of one of 
these conditions causes a program interruption with the 
instruction address and code posted in a permanent storage 
location. 


TF. Dynamic Address Translation (DAT) — This feature allows 

: conversion of programs expressed in virtual address to real 

address in main storage. The translation does not occur for 
«. 1/0 addresses or for permanently assigned addresses used by 








woe 


“YO. Input/Output Mask — 
ports a number of System/370 functions. The CPU can still oper: eae 


The I/O mask that allows interrup- 
tions for the !/O channels selectively is !ocated in contro} 

register 2. The mask bit in the EC mode PSW represents a master 
mask. 


E External Mask — The External mask that allows interrup- 
tions for the external devices selectively is located in con- 
trot register 0. The mask bit in the EC mode PSW ree a 
"master mask. 


The diagrait a shows the related mask bit, feature and con- 


tro”: egisters. Greater detait of the feature is defined under the 
_- feature name, : 


Ctri Reg 9 


Ctrl Reg: 10 





BC and EC PSW formats - 


BC PSW 










Sys Mask ! 
Chan jE | Key ;OMWP 
Mask ' 












Instruction Address 





Instruction Address 





Program 
Event 
Recording 


Machine . 
Check 


Transtate External 
Mode Mask 
; Mask 








O=BC mode 
1=EC mode 





Ctrl Reg 2 
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Control Registers 


The 3145 has sixteen one-word control registers that provide 

an extension to the EC mode PSW. The control registers are located 
in control storage at addresses F480 through FABF, Three of these 
control registers also function with BC mode for external mask 

and machine check controls. Details of the register assignments 

are contained in the sections of this manual that discuss the 
features. 


The registers are loaded to standard masking and address values 
during system clear. The registers can be loaded from main storage 
with the load control instruction (LCTL). The information in the — 
registers can be transferred to main storage with the store control 
instruction (STCTL).. When using the load and store instructions, the 


. “unused registers must be considered in the main storage area specified... 


"CONTROL REGISTER ASSIGNMENTS 
7 System Translate External {nterrupt . 
Control Control Masks 
Fay it ngth Segment Table Origin Address 
Channet Masks , 








1 


2 



















PER Event 
Masks: 


0000 


PER General Register 


: 9 Alteration Mask 


U 
5 


10 










PER Starting Address 


VY 


: 
aE 


PER Ending Address 


12. ‘ Unassigned 


a ; Unassigned 


Error Recovery 
Control and Masks 


¢ 16 M4 oe Beek 


0 8 


13 


14 


15 


01=2K = (00#64K 
10=4K 10=1M 


System Translate ; External Interrupt Masks 
Control Controt ‘ 





Reset to 00 00 00 EO 


CONTROL REGISTER 1 











Segment Table Length Segment Table Address 


Reset to 00 00 00 00 





‘Reset to FF FF FF FF 


“a8 





Note: . Initial Vatue of unassigned positions in all registers 
is unpredictable but is assumed to be 0. ; 
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PER Ending Address 


oe 
Q 
Oo 
i=] 
o 
° 
°o 
°o 


L_ wis fools iz [stats fo fz [e fo frofrs [rz ]rs|re}rs [re fr7 [re 19 foo fos [22 [23 [24 [25] 26] 27] 28] 20] 20] 1] 





_ Reset to 00 00 00 00 - 


CONTROL REGISTER 11 





" A : ‘Monitor Mask 
General Register Mask 


ob 

ge 
3 
i 
eg: 
ves 


00000000 ee 


PER Controf 
oo000000 






* Coe Tol TeTs Tels Te [7 |e To Trolts [retsatve fis |s6 [17 [1 [19 [20 [2s [22] 23] 24] 25] 26] 27[ 28] 29] 20[ 31 
Reset to 00 00 00 00 


* * Reset 000 00 000000 


CONTROL REGISTER 8 
CONTROL REGISTER 9 
‘CONTROL REGISTER 10.” 
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’_ Permanent Storage Assignments 


" Systern/370 assigns the first 128 bytes of main storage as 
fixed operation-addresses and adds assignments to much of the 
area up to 256 bytes. It also reserves the main storage addresses 


between 256 and 512 for feature use and an option for logout 


starting at address 512. 


Most of the new area between address 80 and 100 is used 
only by EC mode operation and features, BC mode operations 
do not. develop the interruption codes and logging information 


“that is stored here. The features added with EC mode also post 


their result codes and addresses in this new area. ‘ 


- An 1/0 interruption posting area located between addresses 
AC and CO allows greater error definition in EC mode, than in. -: 


BC mode. A portion of this posting area is also posted by BC 
mode operations to allow for combinations of EC/BC mode. — 
The BC mode program cannot always handle the information 
automatically. Details of the permanent storage assignments are 
in the manual sections that discuss the features. 


“| 40 | 28 | Program Old PSW ee 
44 | 2c |: 


[ee [eel raaned 





pec |Hex| PERMANENT STORAGE ASSIGNMENT 


00 

00 | Initial Prog Load PSW or 

04 PSW Restart New PSW 

08 | Initial Prog Load CCW1 or 

oc PSW Restart Old PSW 
Be Initial Prog Load CCW2 ; 

18 | External Old PSW 

1c : 
ae Supervisor Call Old PSW Peres 

36 : ee : 
















30 | Machine Check Old PSW 

34 3 : 
eee Input/Output Old PSW 

3c 


64 | 40 | Channel StatusWord ie 


68 1-44] 25. ai noone 
[72 [8 | ChametAadren ord 
[a0 [60 [Timer 











88 







58 | External New PSW 


Supervisor Call New PSW 


—_ 
oOo o 
EA 


= 
oo 
> 


— 


Machine Check New PSW 


SN INWOOD & 





Program New PSW 
Input/Output New PSW . cs . 






PERMANENT STORAGE ASSIGNMENT 
Unassigned 


Ext Intp Code 

SCV Intp Code 

Prog Intp Code - 

Translation Excpt Addr -~ |. 
PER Code | 00000000 
00000000 | PER Prog Event Addr 


9C} 00000000} Monitor Code 





| 


tos] 









; Unassigned : 


Channel iD 


AC} 00000000] IOEL Pointer 


Limited Channel Logout (ECSW) 


B8! Key . Flag} 1/0 Address ; 


188 | BC] CCW Address. . 


94 
aizlz2is/s/2/slals|e/e/8 






- oa | om —_ = 
wp NSN Qn 





Unassigned 


CPU Timer . 
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PSW Interchange Sequence 


When starting an interruption sequence, the current PSW is stored 
as the old PSW for that class of interruption. The new PSW for 


™ START INTERRUPT 


the interruption class is then read ‘in and set as the current PSW ICN 


Test for Intr Cond. 
Develop Code 


for the interruption routine. The sequence is similar in both BC 
and EC mode. The differences result from the allowable features. 
A similar sequence is taken at the end of the interruption when 
the old PSW is returned from storage to fill the current PSW in 
order to continue the problem program. 


Dev CS PSW Addr 
Dev Intp Code Addr 












Old PSW Mode 
EC or BC 


@ Before leaving the GICM routine, the EC interruption code is 
stored in the assigned permanent storage location, and the 
first word of the entered PSW is returned from control storage 
FF38. 









Store EC tntp Code 
Enter High Old PSW 
Control Storage FF 38 


Assembly 1L.C,CC,PM,U0 


Assembly Sys Msk;MSKB 
Assembly OMWP;ESPWB 
Assembly Key;O0 


'  @ After branching to the GIPW routine, the CC and the program 
'. mask from the UO register are set in byte-2.of the first word of 
the PSW. 













GIPW 


Assembly CC,PM;UO 


-@ The ILC is not stored in the old PSW for EC mode but is 
stored with the interruption code when required. 


GIPW 


Assembly Inst Addr; t 
Store High Oid PSW 
Store Low Old PSW 


Enter High New PSW 
Enter Low New PSW 
Move Inst Addr to | 



















New PSW Mode . 
EC or BC 






EC 


Load System Mask in MSKB} 


Old Mode also 
Translate Mode 


Old PSW Mode 
EC or BC 


BC 


Set CR2 into MSKB 


. @ If the contral mode is changing from BC to EC, the 1/O mask 


from control register 2 is moved to the MSKB register. pola 


Reset Translate Tables 
Reset Translate Mode 


GIPW 


Set 1/O Master Mask 







New PSW Mode 
also in Translate 


Mode 


@ If the new PSW does not call for translate mode, the translate 
tables and the mode bit are reset to ensure that the mode is 
off. 





GIPW 


Reset Translate Tables 


@ The EC system mask is moved to the EPSWA register for 
, Reset Transfate Mode 


Operation. 


GIPW 


. Set System Mask,EPSWA 


No 











e 
e 
e 
BC 
GIPW 


™ 
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@ When a pending interruption is recognized following the com- 
pletion of an instruction, the PSW interchange is started in the 
GICM routine. 


@ The interruption code is developed, and the addresses required 
for EC mode operation are developed before testing for the 
control made. ‘ 


@ Before leaving the GICM routine, the ILC, the CC, and the 
rogram mask are entered from the UC register and set as 
byte-0 of the second word of the PSW. 


® After branching to the GIPW routine, the system mask (1/0) 
from the MSKB register is set as byte-O of the first PSW word. 


®@ For byte-1 of the first word the OMWP is entered from the 
EPSWe register and the protection key is entered from the 
the 10 register. : 
The low-order three bytes of the I-register are set as bytes 1, . 
2, and 3 of the second word of the PSW. 


The two assembled PSW words are stored in theappropriate - 
old PSW storage location. : “ 


The two new PSW words are entered from their permanent 
storage location, and the instruction address is moved to the 
!-register. 





© The BC mode system mask is the 1/O mask, and is moved to 
the MSKB register. : : 


© If the previous operation was in EC mode with translate mode, 
the translate tables and the mode bit are reset. 


® The master 1/O and externa) mask bits in the EPSWA register 
are set if bits are set in the MSKB register. 


@ With each change in PSW, the previous PER setting must be 
tested against the new requirements. 








GIPW 
Develop Address for CRO @ BC mode does not allow PER mode. 
: Enter LNK Address : 


© Before testing the new mode, the address of control: register 9 
is developed and the RTN LNK address is entered. 


@ If the new control mode is BC or EC mode without PER con- 
trot set, the RTN LNK is set to address B400. 
@ The PER fatch (Sys 1 Bit 4) is reset to identify the condition. 
, © Returning to the GIPW routine, both modes move the XMWP - 
into the EPSWB register for operation. ; 


@ For anew BC mode, the PSW Key is set into 10 register. 
; @ The new CC and program mask values are set into the UO 
register. 


o With the completion of the exchange routine, the poem is 
branched to the RTN LNK address. 


@ When the new contro! mode is EC, but no PER control is set, 
routine is branched to the BC sequence to reset PER. 


@ if PER control bits are set in control register 9, the PER tatch 
(Sys 1 Bit 4) is set. This forces the return link function at 
the end of the execute cycle. GccR 


Set RTN LNK, 6500 
Set Sys 1 Bit 4 on 


GIPW 


Load XMWP in EPSWB 


New PSW Mode 
ECor BC 


Set RTN LNK,B400 
Set Sys 1 Bit 4, off 






@ The RTN LNK address is set to 8500 to cause returns to go 
through the PER routine. ° 


@ The Key i is set into the 10 register, and the cc and program 


GIPw 
mask values are set into the UO register. 






Set High Addr in R3 
Set Key in tO 

Set CC, PM in UO 
Test EC PSW Validity 
Store Hi PSW in FF38 


. 
@ A test is made for PSW nelicity before aos the operation © 
a) continue. 












Set CC, PM in UO 


PER ROUTINE 


_ @ The first new PSW word is stored in control storage FF 38 for 
backup and use when storing old PSW. 


@ Depending on the RTN LNK address, the operation goes to the 
normal instruction return or to the PER routine. 





(nonwatext Ex!T 
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Interrupt Codes 


INTERRUPT 
CLASS 


External 


(Note 1) 


Supervisor Call (Note 2) 


Program 


Machine Check 


VO {Note 3) 


Note 1 Code is bit significant by external interrupt signals. 


Note 2 Code is dependent on the I-field of the supervisor call 
: instruction. : a 


Note 3 Code is dependent on 1/O device address. 
Note 4 PER interrupt concurrent with another program interrupt 


ORs the value 80 with another interrupt code to yield a 
resultant interrupt code. 


FUNCTION 


CPU Timer 

Clock Comparator 
External interrupt Key 
Interval Timer 

Direct Control 


(See System/370 Principles of Operation, 
GA22-7000.) ; ; 

Segment Translation Exception 

Page Translation Exception 

Translation Specification 

Monitor Call 

PER (Note 4) 





See Error Handling (Machine Check Logout) 


Store Then Mask Instructions 


The two store.then mask instructions can adjust the system mask 
during the program sequence. The AND instruction removes 
mask bits from the mask. The OR instruction adds bits to the 
mask. In either case the current mask is stored at the address 
specified for later recall, when required. tf control register 0 

bit 1 = 1, the instructions are not executed. 


Store Then AND System Mask 


STNSM SI 


ae ee) 
0 8 16 20 31 
Store Then OR System Mask 


STOSM 


SI 
ae eee ot 
0 8 


16 20 31 


The store then mask instructions are performed in supervisor 
mode for either BC or EC mode. The first eight bits of the current 
PSW are stored at the specified first operand address in main stor- 
age. The current system mask bits are then logically ANDed or 
ORed with the immediate operand of the instruction and the re-- 
sults returned to the operating register. {n BC mode, the 1/0 
mask stored in the MSKB external register is stored and adjusted. 
For EC mode the new system mask stored in the EPSWA external 
register is stored and adjusted. No other changes are made to the 
operation. : ; ; 
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DYNAMIC ADDRENQBRANSLATION 


@ DAT {dynamic address translation) is a combination of soleewe; et 


hardware, and microprogramming. 


: 


®@ No special programming conventions are required by the prob: 
lem programs to utilize the DAT feature. ‘ 


@ The Supervisor program handles the problem programs by 
dividing them into unique blocks, and moving these blocks 
in and out of real storage as needed. 


Introduction 





~The DAT feature enables the storage canis of the 3145 to 
be extended beyond the real storage size. This is accomplished by 
locating programs and data on an external direct access storage 
device (disk, drum, etc.). This is referred to as virtual storage. 
The information resides in virtual storage until the controlling pro- 
gram requires it. At this time, control-is transferred to a super- 
visor program which uses 1/0 routines to move the needed infor: 
mation into main storage. Control is returned to the program . 
“requiring the information to complete the interrupted operation. : 
A maximum of sixtee:. million bytes { (16m) may as used as virtual : 
tooled by the 3145. i 





The supervisor program controls data movements from or to. 
virtual storage by dividing it into increments designated as seg- 
ments and pages. A segment is the largest division of virtual ~ 
storage and. may be either 1M or 64k bytes in size. The page 
is a subdivision of the segrnent and may he either 4k or 2k bytes .. 
in size. Segment and page size are parameters set up in: the super: 
visor program’ according to the custorner operational needs. The 
movement of data between real storage and virtual storage is 
always in pages of 4k- or 2k-byte increments depending on. which 
size the supervisor is using. To control this data movement, the 
supervisor program initially builds segment and page tables when 
the real and virtual storages are loaded. These tables are con- 
tinuously being updated to reflect the current location of data 
as it is being used by problem programs and moved between 
storages by the supervisor. va ced 


DAT i is a hardware addressing function, The software super- 
visor manipulates data between storages ‘and sets up and main- 
tains the tables and control used by the hardware. DAT uses the 
hardware assigned for the OS DOS Compatability feature. Both 
the DAT and OS DOS features can be active at the same time. 
Handling of the address adjustment factor for both i is accom- 

; plished byt the GGST mi : 










‘ace Subject.to Translation © 


“When the System/ 370 microprogram handles addresses that are - 
“subject to translation, the storage contro! word using that address, 
specifies the ADJ function. The ADJ decode enables the address 
adjustment hardware. If address adjustment is designated by the 
EPSW, the translation process takes place. : 








The following addresses are maintained, interpreted, or stored 


* as virtual addresses, and are subject to translation: 


1. Instruction address in PSW 

2. Branch addresses 

3. Operand addresses when that instruction uses the address 
to refer to a main storage location. This excludes Set 
Storage Key, Insert Storage Key, and Reset Reference Bit 

.~ Addresses. ’. 

4. Address stored in register 1 by Translate and Test and Edit 
‘and Mark. . 

5. Address pared at location Hex 90 ona transtation excep- 
tion interruption. 

6. Address stored at location Hex 98 on i program event re- 
cording (PER) interruption. 

7. PER starting address in control register 10. 

8. PER ate padiee in Song! Lui Lae : 


e Examples of storage words designating address translation: 


PDW ADJ, Wt4 
STW =X ADJ, V 





Addresses Not To Be Translated 


Address that are not to be translated are handled by storage con- 
trol words that do not specify the ADJ function: When a storage 


: control word without ADSI is executed, the ADR ADJ trap fatch 


cannot be set ‘(no mis- match trap can occur), and no addressing 


ee of the translation lookaside buffers takes place. 


The following addresses are not translated by the CPU or 
channel. 


. Segment table origin address. 

. Page table origin address. 

. Machine check extended log pointer in control register 15. 

. 1/0 extended jog pointer at location Hex AC. es 

. Address stored at location Hex F8 (failing storage address) 

on machine check interruption. 

6. Region code stored at location Hex FC on machine check 
interruption. 

7. PSW addresses, - : 

8. Address used by. hardware to update ipcation Hex ag se 
timer. 


aonpwnh — 





9. Address for somivahis ‘address went for Start 1/0 0 or Start’ may 


“..WO Fast Release Hex 48. 
10. Addresses for channel command words. 
11. Addresses for fetching or storing data by the channel. 
12. Address for channel status word during execution of an 
1/O instruction or during an interruption. 
13. Address of PSW used during an IPL. 


Examples of storage words not designating address translation: 


ROW. R W+4- 
STW Qs soV4 


64K or IM 
Seqments 
ea, VIRTUAL STORAGE 
: 2K or 4K 
ro Pages DAT 
é inal 
Control portion of the 


supervisor moves pages 
from or to virtual storage. 











or 


REAL STORAGE 


relocates them within the 
real storage. 
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Basic Operation of Dynamic Address Transtation 


“Address Match 













Match the virtual address 
portion of the PAA with 
the virtual address in ail of 
the translation lookaside 

. buffers (TLB). Does the 
address match? 


Gate the real address por- 
tion of the TLB, and the 
displacement portion of 
the PAA to the M-register 
and access main storage, 









Take a trap to the DAT 
trap routine GGST. Is 
the page that contains 
the address in real storage? 











Turn control over to the 

Supervisor program by an 
. interrupt. The Supervisor 

finds the page in virtual 





storage and loads it into 
* seal storage. Return to 
the {cycles routine GAAI 


- decode again, : ./ 


* Compute the real address 
and load the least recently 
used TLB with the real 

: and virtual address, Re- 

_ turn to.the storage control 
word that caused the trap, 


PAA 





- Sand start the Instruction. 










































Real Address 















Virtual Address To Display Assembler 





LRU = = 
: .. Set/Reset 


Matrix 





Displacement 
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Develop Address 
GGST Micro Routine. 


















Match the wirtual address 
portion of the PAA with. 

the virtua! address in allo * 
of the table lookaside buf-. 





Gate the reat address por?” 
tion of the TLB, and the 









fers. Does the address mad pre displacement portion of Pe: a ; ; PAA - 
match? . the PAA to the M-register _ Example: 64k segment ; 
- and access main storage. Sia EE : ; 2 4k page Segment Number Page Number 


8 
— 





15 16 19 20 31 







CONTROL REGISTER 1 


Segment Table Origin Address ae 


8 25 26-31=000000 







“Take a trap to. the DAT: 
trap routine GGST: ts 

@ page that contains 

the address in real stor- > - 
age? ° 


























Turn control over to the 
supervisor program by 
means of an interrupt. 
The supervisor finds the 
page in virtual storage 
and loads it into real °- 
- storage, Return to the 
l-cycles routine GAAI 
and start the instruction 
decode again. 



















Compute the real address 
and toad. the least recently 
used TLB with the real 
ard virtual addréss. Re- 
tucn to the storage con- 

\tyol word that caused the 

ae Depa 









SEGMENT TABLE ENTRY 


To address the segment table, the segment address portion of 
the virtual address is added to the Segment Table Origin. The 
segment table origin is contained in contra! register.1. Controt 
register 1 is set up by the supervisor program when the segment 
table is set up and stored into main storage. 


Once the segment table is addressed, the entry is used to ad- 
dress the page table. The page table origin from the segment 
table entry is added to the page address portion of the virtual’) ~ 
_ address. The result is used to address the page table entry.re-.. 
quired. a one ai 


PAGE TABLE ENTRY 





Real page address to the translation lookaside buffer. a 
Return to Control word and begin execution. “ 


i 
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Address Paging | 


Match the virtual address 
portion of the PAA with 
the virtual address in afl 









Gate the real address por- 
tion of the Table TLB, and 

the displacement portion 

of the PAA to the M- 7 k 
register and access main 

storage. 


of the table lookaside 
Yes 
buffers. Does the address ‘ein’ aie dees deealias 


match? OO! Mintdat Storage >: 










Take a trap to the DAT 
trap routine GGST. ts 
the page that contains 
. the address in real stor- 
: age? co 





Turn control over to the 
supervisor program by 
means of an interrupt. 
The supervisor finds the 
page in virtual storage 
and loads it into real 
storage. Return to the 
\-cycies routine GAAI 
and start the instruction 
decode again. 


No ° 























Page 







Supervisor 





“Compute the reat address 
“cand load. the least recently 
“used Table Lookaside Buffer 

with the Real and Virtual 


‘address. Return to the 
storage contro! word that 
caused the trap. 





An attempt is made to use an address that is not in real storage. 
A program interrupt transfers control to the paging supervisor. 






Paging supervisor. interrogates page status by examining storage : 
protect keys (reference and change hits), to find a page that can: 
be replaced. be Haein : at 


i) 


a 


Supervisor finds the needed page in virtual storage. 
Page out the real storage page if required. 


Page in the virtual page to the seal storage location. 








oa 8 


Return to I-cycles routine GAAI to execute the instruction the |: 
trap was initiated from: Sibuie a ae wie as 


y 
“3 


Segment and Page Sizes 


VIRTUAL STORAGE = 16 MILLION BYTES 






Segment 15 


Segment 14 


Segment 13 


Segment 12 






[segment 15 | 


Segment 2 
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Segment and page tables are located in main 
storage by the supervisor program. 






Page Table 
1M Segments, 4k Pages : 












Segment Table po gs Control register 0 bits 8, 9, 11, and 12 are 
[15 | eyes | De gett inthe following manner to indicate the 
Pa jo © seament and pape sizes 

~ REE B ieee ae One page table for each segment ae aes B=1.----- 4k Page ate. 

; ro | . table entry. One page table entry me Pat ae ‘8, 9=0 ; . Seer 

mee for each page within the segment. = a a 1M Segment size ° 
One Segment table entry ae : rice cere 
foreach segmentof ee eee _, NP2 bit 3=1--------. 1M Segment 

- virtual storage. are po ars ee : cath ree NP2 bit 4=1--------4k Page size 


PAA 






| Segment No. Page No. 4k Page Size 





“VIRTUAL STORAGE = 16 MILLION BYTES 
| : 




















oe is 
ya ts 
ect GUN ag aidin elie 





“Sg Bach segment divided into 
4 si 512 pages of 2k bytes each. 
oe Os 





[Cseomentt | 
[seanenro 


Segment and page tables are located in main. -.. 
storage by the supervisor program. 





1M Segments, 2k Pages ; heats Table 


; Hi. ; Contro! register 0 bits 8, 9, 11, and 12 are 
. set in the following manner to indicate the 








Segment Table . Segment and page sizes: - 





8-0 e eee Ces 
'Q= 4.0 2k Page size. 


One page table for each segment: 11=1--.1M Segment Size. - 
’ table entry. One page table entry ; he 12=0 ee 
for each page within the segment. fe : ‘ 
ee NP1 bit 3=1---------1M Segment - 
One Segment table entry .  NP2 bit 4=0--------- 2k Page size 


for each seqment of 
virtual storage. 





PAA 





Byte 1 _ Byte 2 ; ; Byte 3 


Vol if 2qs] 4] sfe[7Tolts [2 isl a[sfel7 lols [2 [alstslelz}. 





: : | 2k Page Size 


| Segment No. Page No. 





VIRTUAL STORAGE = 16 MILLIONBYTES __ Pes 


Segment 255 










| Segment 252 [ 
[7 Segment 251_] 
| Segment 250 | 














[Cements] 








: 


64k Segments, 4k Pages 








: Segment and page Tables are ep main 
storage by the supervisor program. 


Page Table 


"Control register 0 bits 8, 9, 11, and 12 are 
set in the following manner to indicate the 
_ segment and page sizes: ; 






~<- Segment Table: - 


8=1--------4k Page size 
eae 9-0 . 

One page table for each segment ; 11=0 

table entry. One page table entry 12= 0--- 64k Segment size 











“VIRTUAL STORAGE = 16 MILLION BYTES |" 
lemarow 
[Segment 250 _| 





















; 





“SegmentO 


_ One segment table entry 








0: | for each page within the segment. - 
oe : : % NP2 bit 3=0-------- 64k Segment size 
---. One segment table entry NP2 bit 4=14-------- 4k Page size : 
»... for each segment of 
'* virtual storage. =. > cs é 
arte ile ters PAA 
Byte 1 __Byte3 | 
roti f2fatatsfel7 fo] f2]3 [4 ts le {7 fo]: t2i3/4 {5 fe tJ 
| “Segment No. | ms ; 4k Page Size 
Segment and page Tables are focated in main 
storage by the supervisor program. 
‘ Page Table 
64k Segments, 2k Pages 
30 : Control register 0 bits 8, 9, 11, and 12 are 


set in the following manner to indicate the 


Segment Table : 
: segment and page sizes: 


te eee 


titicca cane 3 : : 8=0 
av Q=1--------2k Page size 
One page table for each segment _ 110 


table entry. One page table entry 12=0-----64k Segment size 


for each page within the segment. 
; NP2 bit 3=0-------64k Segment size 


y NP2 bit 4=0------- 2k Page size 
for each segment of 


virtual storage. - 


P. 


A 


A 





PES ee Ce Pe ee ee) 
lols {2 [ats Ts fel7 fols fa fs fats ie [7 Jools fo fs [a ts fe fr | 


| Segment No. | Page No. - | 2k Page Size 
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Segment Table Entries 
@ A segment size of 1M has 16 segment table entries. 
-@ A segment size of 64k has 256 segment table entries. 


@ Each entry in the segment table designates the length, avail- 
ability, and the origin of the corresponding page table. 


Entries in the segment table have the format: 


Length 1 1 Page Table Origin Address { ttl 
PO 8a. Fa: os 28.29. 30 31 


be Length: Bits 0-3 specify the length of the page table in-incre- 
cores 2 ments that are equal ta a sixteenth of the maximum 
size of the table. This code is compared against the 
4 high-order bits of the page number to determine ® 
whether the page address designates an entry within 
the page table. 


EXAMPLE 
co to PAAEE SRS 
Byte? ; ” Byte 2 Byte 3 








Segment no. Page no. no. 
64k Segment size O =-.one entry one six- 
Ak Page size ' ‘teenth of the table 
igen & i size or 4k (minimum). 
Fos - sixteen entries of 4k 
\ ‘increments or 4k x 16= | 
1 64k table size or equal 
t to one segment (Maxi- 
] mum). 
“64k Segment size . O = 2entries 
2k Page size F = 32 entries 
1M Segment size : { © = 16 entries 
a 4k Page gees : | F = 256 entries 
1M Segment size O = 32 entries 
2k Page size | F = 512 entries 
| 


_poccec 


foi23i45670- -- 


Length 


‘ff the address is not within the page table, a page transla- 
tion error is recognized (Prog intr code 11). 

Page 

Table 

Origin: Bits 8-28 with three zeros, ., gated as bits 29-31, form a 


24-bit real address that iGesiiotes the origin of the page 
table. 


‘fovz34667)01234567/012-— 


(Invalid): 


Bit 31 controls the availability of the segment. When 
bit 31=0, address translation proceeds. When bit 31=1, 
a segment translation exception is recognized, and con- 
trol is passed to the supervisor (Prog intr code 10). 


PAGE TABLE ENTRIES 
“@ Each entry in the page table designates the availability of the 


page and contains the high-order bits of the real page address, 


The page table entries are 2 eyes in length and are divided into 
fields: 


Page Address bt Ooty for 2k page 
POs EY 1213-014 «15 

Page Address rprpeQeotlys for 4k page 
0 11120 131415 
Page Address: 


Bits 0 to 11 or O to 12, depending on the page size, provide 
the high-order bits of the real storage address. 


(Invalid): 

Bit 12 or 13, depending on the page size, specifies the avail- 
ability of the page associated with the page entry. When 
the bit is zero, address translation proceeds. When the bit 
is one, a page translation exception is recouced (Prog Inte 
code 11): : 


Bit 14 (for 2k page) and bits 13 and 14 thas 4k pe are sat : 
to zero when the page entries are formed by the supervisor . 
program. If these bits are not 00 whenever the page entries © 
are accessed, a translation specification exception is 
recognized (Prog Intr code 12). 
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OS DOS Compatability SPDAT Active 


When both of these features are active and the local area of the 


DOS emulated environment is being accessed, the adjustment fac-" 


tor is added to the DOS address. The result is the virtual address 
that is handled by the DAT mechanism. A normal DAT transla- ~ 
tion is performed with this virtuat:address. Byte 0 and 1 of the 
TLBs is the virtual address without adjustment. Bytes 2 and 3 con- 
tain the real address entry of the page accessed by the adjusted 
address. ae ; 


VIRTUAL STORAGE 







Programs and Data 







_ DOS Limit Address L 
-A 
R sha RR 
2K or 4K page of DOS Locate - aed paste -_ 
ae 
xe! 
aot — ~ ea 

DOS Address 0000 \._2k or 4K page of DOS ~S Were, 

v os 

VA Be ae eee 
Adjustment factor A \\ 
is the virtual address \ és 
of DOS address 0000. 
\ \ 
\ \ 
\ \ 
\\ 
\~N 
NOG 
N Virtual Real 
.* = 


a 
. The virtual addresses and the _X 
calculated real address are 
loaded into the translation 
lookaside buffers in the 
GGST routine. 





Translation Lookaside Buffers 
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Associated Hardware 
Contro! Register 0 


0123 45 6 718 9410111 12113 14 15! 16--31 








Invalid =00 64k Segment 


Ot 2k Page =01 Invalid 
=10 4k Page =10 1M Segment 
=11 Invalid =11 Invalid 


10=0 — specifies a page entry of 2 bytes. 
This bit must be 0. If not, a 
translation specification results. 
(Prog Intr code 12}. 


Examples: 


a0 HE 6ak segn 


4k segment 2k page 


80 = 64k segment 4k page 
50 = 1M segment 2k page 
90 = 1M segment 4k page 


Note: — These are the only valid combinations for byte 1. . 
Remaining combinations result in a translation 
specification. (Prog intr code 12). 


DYNAMIC ADDRESS TRANSLATION 


Control Register 1 


prises se 


(000000) 







of the segment table. Bits 26 through 31 must be 0. 


Bits 0 through 7 designate the length of tic segment table in units of . 
sixteen entries. This code is used to determine whether the entry 
specified by the segment number falls within the segment table. 

If not, a segment translation exception results (Prog Intr code 10). 


Segment Table Lengths 


01234567 


00 
00 to OF 


1M = 00 in the segment table length specifies 
16 entries in the segment table. Thisis 
the only valid entry for 1M seqments. 


64k = 00 specifies 16 entries in the segment 
table. 


64k = OF specifies 256 entries in the 
segment table. 


Bits 8 through 25 form the real address that designates the origin 
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Load DAT Control Resin 


This routine sets the contents of contro! register 0 and control 
register 1 into hardware and into control storage. 


Enter load controi 
oe routine from I-cycles 
of Load Control 
Instruction 


Reset Tiansiation Invalid — a X-register contents are 
X2 bit 1 destined to NP2 : 

















Invalid > Test 
Page Size 


Set page size X2 bit 4, 

Q=2K, 1=4K 

4, Set X2 bits 1 and 7 
"YO set translate invalid 
and reset TLB 

Page size change 






Yes 


Set X2 bit 7 reset 
TLB . 


















=> ame weed FeSt COntrol register O bit 10 
Test Page for 0 2 Byte page table entry 
entry size Control 
register 0 


Valid (0) 


(1) tnvatid 


Set X2 bits 1 and 7 to 
set translate invalid 





‘ Compare SO work area — on awe 
Valia con so S08 | 


<—=4 X2 bit 4 # NP2 bit 4 


Alter SO work area to 
new vatue 










Segment 
Origin changed 


Yes 






set TLB 










Set X2 bit 1 and 7 to set 
translate invalid and re- 


Invalid Test 
segment size 


Set X2 bit 7 to reset 
TLB 


Set X2 bit 7 to reset oe X-register contents are 
TLB destined to NP2 


Store control register 1 
in control storage 


Update SO register from 
SO Work area 


Set X2 into NP2, reset oe eee ane cane ee ae am om 
NP2 bit 7 if on 


Set SO byte 0 into SS2 
(segment length) 


Set external mask in 
MSKA 

Stor2 control register 0 
in control storage 









Bit designations 
Bit 1 Transtate invalid 
Bit 3 1M segment 

Bit 4 4K page 

Bit 7 reset LRU and TLB 


Valid 










Segment 


size change 








Set segment size X2 bit 3. 
O=64K, 1=1M 


--4 X2 bit 3 # NP2 bit 3 
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Reference and Change Bit Recording 


@ With the DAT feature installed, 2 additional bits in the storage 
protect key are activated, a 


®@ Bits 0-4 of the storage protect key are used in the standard 
‘manner. . 


© Bit 5 becomes the reference bit and is set each time the as- 
sociated 2k block is accessed from real storage for a read or 
store operation. 


@ Bit 6 becomes the change bit and is set each time a 2k block 
is accessed for a store operation. This indicates to the super- 
visor that the page has been altered and must be written back 
or updated in virtual storage to reflect the change. 


® Reference and change recording is active in either EC or BC 
mode, and whether DAT is active or inactive. 


7 Bit Key 


er mee 
Protection Key —---~~-—~—4 
Fetch Protect ~~—-——————~———.—] 
Reference Bit ~-—-———~————————~ 
ChaneBit oo ee 


Ne ee 


Note: Reference and change recording operates on 2048-byte 
blocks (storage protect blocks) regardless of page size. 


The paging supervisor uses the status of the reference and 
change bits to keep track of the areas in real storage that are 
avialable for use. 


Whenever a page is referenced that is not located in the real 
storage, the paging supervisor must fetch this page from virtual 
storage and place it in an available page location in real storage. 
By interrogating the storage protect keys, the supervisor deter- 
mines-which page in real storage may be replaced with the page 
from virtual storage. If possible, a page is selected that has not 
been accessed. If all pages have been accessed, the paging super- 
visor selects a page that has been referenced oniy. if all pages 
have been modified, the paging supervisor selects a page in real 
storage, pages it out to the virtual storage device, and pages in 
the required new page to the vacated area. : 
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Translation Lookaside me 

TLB REGISTERS 0-7, BYT AND 1 ; 
Bytes 0 and 1 of the TLB registers contain the virtual address 
portion of the page addresses that have been accessed by the cur- 


rent program. The virtual addresses are loaded into the TLBs 
~ during the execution of the DAT trap routine GGST. 


The virtual address is gated from byte 1: and byte 2 (Bits 0-3 
for 4K page; bits 0-4 for 2K page) of the PAA by the destine 
table line and the active LRU line. 


The destine table line is activated by the decode of the OK 
expanded local storage address, After the segment and page 
table addresses have been formed in the GGST routine, the con- 
trol word ROH OK WK; NOP is executed. The WK register con-: 
tains the page table entry address which in‘turn contains the 
REAL address that is associated with the virtual address causing 
the DAT trap. This real address is gated to bytes 2 and 3 of the 
TLB selected. At the same time, the virtual address from the 
PAA is gated to bytes 0 and 1 of the TLB selected. 


Whenever bit 7 of NP2 is set, the reset table line brings up 
Reset Reg 0. This is done when the Purge Table instruction is 
executed, and when a bad page or invalid page is detected in the | 


TLB REGISTERS 0-7, BYTES 2 AND 3 


Bytes 2 and 3 are set with the real address from the page table 
entry that is accessed in the translation trap routine GGST. After 
the segment and page table addresses are formed in the GGST rou- 
tine, the contro! word RDH OK WK, NOP is executed. The WK 
register contains the page table entry address which contains the 
REAL address associated with the virtual address that caused the ° 
translation trap. The REAL address is ees on the EB! to bytes 
2 and 3 of the selected TLB. 


_ The DK function brings up the destine table line. This, when 
ANDed with the LRU line results in Set Reset Address Adj Reg 0 
which gates the real address to the proper TLB. 


The output of the selected TLB is gated to the real address 
assembler to the M-register. The displacement value from the 





execution of the GGST routine. All bits including parity are 
reset. 


The output of the TLBs is gated to the MATCH circuits 
whenever a translatable address is gated to the PAA. Whena 
match occurs between the virtua! address from the TLBs and _ 
the PAA, a match line is activated. This match line gates the 
set and reset function for the LRU matrix. : 


The virtual address is also gated to the display assembler 
whenever the external address 2E is used in a display operation. 
Switch H determines the register to be displayed. The match 
register can be displayed through external 08. 


Note: TLB registers may be valid with either odd or even parity. 


-PAA” . ; ‘ 
Byte1 - Pent es Byte 2 


P012345674/P 012.3!4!567 





PAA is gated to the M-register and forms the low- order portion 
of the full real address. 


Bytes 2 and 3 of the TLBs are displayed in the byte 2 and 3 
position of the external display when the external address 2E is 
used in the display operation. 


Switch H determines which register (0-7) is to be displayed. 


Example 


Reat Address 
Byte 2 Byte 3 


P01234567/P0123 41567 






LRUO 
Destine Tabie el 






TLB REGO BYTE 0+1 


VIRTUAL ADOR BYTE 0 - BITO 


Af VIRTUAL ADDR BYTE 0-BIT1 


VIRTUAL ADDR BYTE 1 - BIT 4 


PAA BYTE 1 BITS P-7, BYTE 2 BITS P-4 


& 


RESET REGO 
, BYTE 0 BITS 2-7 


nn 
r 


> BYTE 2 BITS P-3 
MATCH 


FL 


INVALIDATE TLB 


MT311 - 344 


TLB REGO BYTE 243 
EBT BYTE 2 BITS P-7, BYTE 3 BITS P-4 






REG 1-7 BYTE 204 





REAL ADOR BIT 0 





SET RESET ADDRESS ADJ REG 0 





REAL ADOR BIT 1 





REAL ADDR BIT 13 


GATE REGO 





MT111 - 132 
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LRU Matrix 


@ Used to address the least recently used TLB when an address 


is to be loaded into the TLBs. 
@ Set and reset by the match circuit or by the microprogram. 
Whenever a storage word with address adjust specified is exe- 


cuted, a match of the virtual address from the PAA and the TLBs 


is attempted. When a match is made, the real address from the 
TLB causing the match is gated to the M-register along with the 
disptacement from the PAA. 


The column in the LRU corresponding to the TLB causing 
_ the match is reset. The row in the LRU corresponding to the 
TLB causing the match is set. This causes the LRU output to 


Resets all LRU latches 


Resets a selective column 


Match Reg 0-7 Buffered 
Cycie LRU 


point to the next TLB that has been least recently used. The 
output of the LRU matrix is only used when the TLBs are 
being used as a destination. 


Whenever the TLBs are reset, the LRU is reset. The line 
(reset tables) is brought up by bit 7 of NP2. This bit is set by 
the microprogram when the reset is necessary. The control 
word, normally used to set bit 7 of NP2, is a branch word—— 
NP2, OR, KO1. This word is generally followed by NP2, A-, 
KO1. The second branch word resets bit 7 of NP2 enabling 
the TLBs and LRU to be used for address transiation. The 
LRU is disptayed in external 08 byte 2. 


ala 
my) 

Gi til 
| 3] GH] 


LRU MATPIX 


NY 
oa 
N 
a 


[oy 
|e es] 


9/7) 


_ 
a 


MT 215-216 
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4 


The LRU output is used to gate the virtual address from the 
PAA 4nd the real address from EBi into the selected TL8 when 
the DK function is used as a destination in a control word. The 
X and Y lines for the DK function bring up the destine table line, 
which is ANDed with the output of the LRU matrix to access the 
proper TLB. 


To TLBs 1-7 
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ty 


Working Register (WK) 

* 
The working register is used as the destination of the computed — i 
segment table entry address or the computed page table entry ad- * 
dress. 


The segment table entry address is formed by the contrat word: 
W K=SN+SO. : 

The WK register is then used as it address source register in 
the storage control word that accesses the segment table entry: 
ROW RW WK, NOP. This word places the page table origin ad- 
dress into. the RW register. 


. 


The page table entry address is formed by the control word: 
WK=PN+RW; 

The WK register is then used as the address source register in 
the storage control word that accesses the page table entry: 
ADH DK WK,NOP. This word gates the real address from the 


‘page table entry to the TLB, , and also gates the virtual address 
from the PAA to the TLB. 


EBI BY 1-3 Reg Working BY1-3 Bit P, 0-7 


BY3 Bit §,6,P Work In Bit 
ac 5,8,P 


EB! BY 0-3 











ADR-ADJ 


Exp-LS Decode Y2 or Y4 Envy RYOS 


= Gate Working 1, 2, 3 









t 
When the page number is added to the 
page table origin WK=PN+RW, NP1 bits _ 
2,3 (for 4K page) or bits 3,4 (for 2K page) 
are gated directly to bits 5,6 of WK3. 


MT022, 023 


Exp-LS Dest Adr Y1 
MT024, 036 


~~ Block 17,8 _ 


Bl BY35,6,P _ 


MT011 






Exp-Ls Dest BY 1, 2,3 
Exp-L$ West YO, 1,2 


Whenever SN, PN, or WK is destined, the 
WK register becomes the destination. 
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NPO and NP1 Registers 


NPO and NP1 registers may be set from either the EBI or the 
PAA. When NPO or NP1 are specified as the destination by any 
control word except a storage word, the data setting these reg- 
isters is gated from the EB!. When a storage word with ADR 
ADS active is executed, the address from PAA bytes 1 and 2 is 
gated to NPO and NPI. 


NPO and NP1 are disptayed in the byte 0 and 1 positions of 
expanded local storage using address 78. 


EBI BYO Bit P, 0-7/BY1 Bit P,O-4 


Pre Adr Asm BY 1 Bit P, 07 
Pre Adr Asm BY2 Bit P, 0-4 


BY2 Bit 4 
BY2 4 


Spec Parity Asm P 


Block 1 


Stg Wd Adr-Adj Mode ¢ Gate Adr To 


e 
- NSP Reg 


Good or Corr Data Int 
Stg-2 Cycle 


135 to 180 Time 


Exp-LS Dest Adr X7 
Exp-LS Dest Adr Y3 
Exp-L$ Dest Byte 0, 1 


MT011 


Block 2 


For a 2K page, bits 3, 4 of NP1 
are gated directly to bits 5,6 of WK3. 
For a 4K page, bits 2,3 of NP1 
are gated directly to bits 5,6 of WK3. 


Block 1 


Dest NSP Reg BY 0, 1 


Dest NSP Reg BY 0, 1 
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When SN is addressed as a source, the output of NPO is gated 
to bytes 2 and 3 of the address adjust entry. Bit shifting between 
NPO and the address adjust entry depends dn the segment size 
specified. 


When NP is used as a source for a control word, the output 
of NPO and NP1 is gated to the address adjust entry bytes O° 
~~ and 1. 

~ S 
~ ' 


NSP BY Bit P,0-7 
NSP BY2 Bit P,0-4 
























~ 
~ E..* LS Decode Y3= 
“ Gate NSP-2 


Block 2 NO 0-7 


BY2 Bit 6,7,P 
















Bik 2 
{ ‘ 
1 4 
BY 2 Bit P { 
EXP-LS DEC YO BY3 Bit 0-6,P 
GATE BLK 2-2,3 a 
4 
MT034/041 
; Block 2 NO 0-7 ‘ 
BY1 Bit 4-7 , 
eco alk 1 NO O-8 ~ = c: 
ted i a The segment number is gated to the 
Block NO segment number comipare circuits to 
- determine whether the segment number 
a 1-4 ey Ov 2 bith ' is within the range of the segment length 
pp} ———[v code. 
Exp-LS Dec Y1- BY3 Bit 0-4,P 
ane 26] | BY 3eitP Gate, Bik1-1-2 { 
Uy | 
Blk NO 7,8 ' 
_ t 
\ 4 


NPO and NP1 are gated to bytes 2 and 3.of the address adjust 
entry. Bit shifting between NPO and NP1 and the address ad- 
at just entry depends on the segment and page sizes. 


BY2 Bit 1-4 eat ; MI if 5° 3 : : 
ye i et oe an as When page number is addressed as a source, the butpute of 
een nee ae ee 


de eee ey a ad n> ae oe sae ow eS 


NP2 and NP3 Registers _ 


NP2 is loaded from the EB! whenever NP2 is addressed as a data, *_ 
destination. The outputs of the NP2 register are used for various 
controls throughout the DAT hardware. : 


When NP2 is addressed as a source, it is gated ‘out to byte 2 of, 
“ ‘the address adjust entry. Bit 6 (Segment Number Invalid) is sam- 
pled directly from the segment number comparé circuit to bit 6 
of byte 2 address adjust entry. ? ; 


NP3 bits.0, 1, and 3 are set from the EBI by the gating shown 
in the diagram. NP3 bit 2 is set directly from the page number 
compare Circuits. The outputs of these latches are gated to byte 3 
of the address adjust entry when NP3 is addressed as a source. 


NP2 and NP3 are displayed in the byte 2 and 3 positions of 
the external display using expanded local storage address 7B. 


" NP2 


GIPW ROUTINE 
” LECPSW BIT 5) 


BiITo | ADDRESS ADJUST MODE 


GCCR ROUTINE 


TRANSLATE INVALID = 
{Load Control Registers) : 


BIT) 


(Not Used) 


GCCR ROUTINE 


1M SEGMENT : = 
(Control register 0 Bit 11). 
GCCR ROUTINE 4K PAGE = 


{Control register O Bits 8 & 9} 


EMULATOR FEATURE MODE 


S$S2 LARGER THAN SEGMENT NO. SEGMENT NO. INVALID = 


(SS2 Compared to four high bits in PAA) 
¢ 


_ GGST_AND GCCR ROUTINE RESET TABLES = 


e © o o © @ 
3 4 4 4 a4: 4 : 
~ a a > sw nn 


NP3 










INVALID BIT ON IN PAGE TABLE 
(Bit 12 of 13, depending on page size) 


PAGE INVALID 


INVALID BIT OFF IN SEGMENT 
TABLE (Bit 31 off in table) 


Length field in segment table comp. 
to PAA page no. 


SEGMENT VALID 
PAGE TOO LARGE 


BIT 14 IN PAGE TABLE #0 PAGE FORMAT INVALIO 


‘for 2K page. and bits 13 and 14 #0 
for 4K page! 


s @ @ o 
4 4 4 3 
a NN _ ° 


Bits 4-7 not used 


ACTIVATES DAT 
HARDWARE 


INVALID PASE OR 
SEGMENT SIZE IN 
GCCR ROUTINE 


11M SEGMENT | 
0 = 64K SEGMENT 


1.= 4K PAGE 
O = 2K PAGE 


SEGMENT NUMBER 
TOO LARGE 


RESETS TLBO AND 1 
AND LRU 


INTERRUPT CODE 11 


INTERRUPT CODE 10 {Note 1) 
INTERRUPT CODE 11 


INTERRUPT CODE 12 


" Note 1: Results in a interrupt if the bit is not on, 


é.. Number Compare 


The SS2 latches 4-7 are set in the GCCR routine by the 
arithmetic word SS2=SO0, OE, 0. The SS2 latches now con- 
tain the four low-order bits of the segment length code. The 
high bit latch is set if any of the high-order bits of the segment 


SEGMENT NO, 






EBI BYTE 2 


DESTINE SEG. LENGTH REG. 
TRANSLATE INVALID 


Page Number Compare 


The page number from NPO or NP1 is compared with the 
page table tength code from the segment table entry. For a 1M 


EBI BYTE O BIT 










ee 


1M SEGMENT 





sy GT UT Tp 


length code are on. 


A comparison is made between the SS2 latches and the seg- 
ment number from NPO. For a 64K segment, bits 4-7 of NPO 
are used in the compare operation. For a 1M segment, bits 0-3 
of NPO are used in the comparison, SS2 is in Exp LS 7D but there 
are no display facilities for this location, 


SEG. NO. INVALID 


segment, bits 4-7 of NPO are compared with the page table length 
code. For a 64K segment, bits 0-3 of NP1 are compared with the 
page table tength code. 





ompare 
Logic 


PAGE NO. TOO LARGE 


2 ee Ee ae 
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DAT Functional Operations 


DAT Basic Operation 















A storage word with ad- 
just is executed in Trans- 
late mode 





Match PAA with TLBs 
bytes 0 & 1 (segment and 
page no} 


w_| Detaited operation is contained on DAT 
match n6 match flowchart. 


Yes 


Gate TLB bytes 2&3 


Trap to dynamic address Detailed operation is contained on and PAA displacement 
teanslation routine O80C DAT trap flowchart. to M-register 

Perform table tookup 

to load TLB 


tavalid 
format or table invalid 
bit on 


Continue to next 


control word 




















Load TLB register 
selected by LRU 
Return to execute a 
control word § 

No 


Program interrupt and 
Transtation exception 


interrupt 
code 10,11, or 12 










Yes 


Normal handling of 
program check, PER or 


Monitor call interrupt 


_ Return to supervisor . J: 
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Paging 
required code 10 
or il 


No 


v : nae wif Checking is performed by toad DAT 
ad Transiation Specification controt registers (GCCR) flowchart. 


Exit to Terminate 


program 
















Paging 
selection, compare 
reference and change 


bits 
Reference Write selected page out 
to virtual storage 
Read required page 
frame in to real storage 


Update tables and reset 
affected reference and 
change bits 


Change 


Return to execute 


interrupted instruction. 





' Storage word with ADJ 
active ; 


—_—- ae 





. C2bits4 &5=10 


Check Translate mode 


DAT active 


Yes 


Gate PAA segment no 
and page no. to NPO&1 











4k 
Page size 








Match PAA byte (0-7) 

and byte 210-3) to TBL 

reg byte 010-7) and 
byte 110-3) 









Match PAA byte 1(0-7} 
and byte 2(0-4) to TBL 
rey byte 0(0-7) and - 

byte 1(0-4) 


No , Yes 
Address adjust match : 


Allow B-reg to M-reg 


teansfer for correct . 
parity 


Activate PAA force block 

storage destination 
Imtiate DAT trap to 
D80C IGGST) 











Normal storage word 
execution : 


Continue to next 
control word 


Update LRU , 


2k 


Page size 













Gate rea! address from 
matched TLB register 
byte 2(0-7) byte 3(0-4} 


Gate real address from 
matched TLB register 
byte 2(0-7) byte 3(0-3) 


















Gate PAA byte 2(4-7) 
and byte 3(0-7) to the 
M-reg for disptacement 


Gate PAA byte 2(5-7) 
and byte 3(0-7) to the 
M-reg for displacement 





Continue to next 
control word 


' 
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DAT Trap Routine GGST 










Local Mode indicates that the OS/DOS 
emulator is operating in the emulated 


DOS area 
<---| Check NP2 bit 6 @ ‘ 
(0) Vatid ; 4 
Segment size & 
as NP3 bit 2=1 Page too large a ae . oF ee 


NP3 bit 1=1 Segment valid 
(1) Too Large Test bits 2,1 
of NP3 


Trap Entry O80C 


Locai 


No 
Mode Active 












Virtual 
Address less than 
the Limits 


No 
















o3 


Add Adjustment 
Factor to Virtual 


W 


‘Set a value of 11 into 
the WK register 


Address 


Replace Mode Bits 


Go to the GiCM 





Add Adjustment 
Factor to Virtual 
Address 


N 


Yes 









Load a TLB register 
from the EBI. This” 
is the translated address 


Check NP3 bit and page 
——~" "1 table bits 5 and 6 


Page Correct 


GGSX : HOOK 


Move interrupt code : 
to the X-register 

Place virtual address 

in the WK register 


Store the virtual 
address in main 
storage location 
00090 


Format Valid 
NP3 bit 3-0 









routine to handie 
the interruption 





Format Invalid 
NP3 bit 3=1 
Page Invalid 


Return to the word {page table bits 
that caused the trap and 6 = 0) 
Reset Table registers. 


GGSx SEGTRX 
(+) Move interrupt code 
; to the X-register 
eheese ee Check NP2 bit 1 : : 
(1) No 


Format Correct 









Set a value of 12 into 
the WK register. Reset 
Fable Registers 












DBLACT 61, 00 







Check NP2 bit 6 





Turn on A and B (1) Too Large 











Segment size 


Hooks. Store Real 
Address at FFIC 










Valid (0) DBLRCT 10 


Add Segment number 


Load TLBs to Segment table origin 


Drop PAA force. Re- 
place mode bits in 


(0) Yes 


Add Segment number 
to Segment table origin 


NP2. Zero X-register 
Move fink address 
from DTX to.Q 

em Go to GICM 
CHKGPR 





Return to word that 
_ caused trap 








& Interruption Code 

: 10=Segment Translation Exception 
. 11=Page Translation Exception 

12=Translation Specification 


Add Page number to 
Page Table origin : 


Real Address Format 


ee 


. : | 
EXAMESE: 64 5 SEGMENT AE Salt  Bytel __Byte2 Byte 3 A no-match trap has occurred, the PAA is frozen to retain NP to ADR ENTRY gating for 1M Segment 


PAA . {01234567 01234567 01234567] «. _ the virtual address that caused the trap. 


STG WORD ADR ADJ MODE | ee 


x 


The GGST routine is entered, and the segment and page 


addresses are gated to the NP-register. : J es , ; . 
Aosekne EE a Eg eo . ae NP ByteO: |01234567/01234567| Bytel 





GOOD ORCORRDATA 


Jk 











MT011 





Byte , The segment portion of tre NP-register is added to the 








er eseyiee segment table origin. The result is the real address of the ; 
ee ae ee a ee ’ eee tere: segment table entry required. The result is placed in the Byte 2 
{not} 1M SEGMENT ae es te eS : WkK-register for use in the storage control word that follows. wey 
Tn j i . ADR ADJ ENTRY 





tad 





oe ¥ Seca a = me i : ae a — ; za . ; : | 


Exp 1878 7 vg . X7 YO 
Exp LS * LS ae 





| “By 
“ENTRY. oo 

















“Bytes 0, 1 of ADR ADJ ENTRY 





The WK-register is used as the address source register in the 
e read storage word. The segment table entry is read from the 
segment table and placed in the RW-register. 






> WK-REG 
“Exp LS7A 









_ SEGMENT TABLE 
» Main Storage 





‘Adokeis ol Sones Tile: ROW RW WK 
oS Entry be see ey 
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Byte 0 Byte 1 : : 
NP Exp LS 78 pee NY The page table origin, located in the RW-register, is added to 
& x7 Y1 ce \ _» the page nyinber. The result, which is the real address of the - - 
Exp LS “ page table entry required, is placed in the WK-register. 
; x7 Y3 . : : 2 oe 
Bits 2, 3 to bits 5, 6 of WK3 Ls nee : 





ADR ADJ Byte 2 


01234567/01234567 
ENTRY 


Bytes 0, 1 of ADR ADJ ENTRY 







Byte 3 
Exp LS 79 





Page Table Origin RW REG 


LS 3B ons 



















NP to ADR ADJ ENTRY Gating 
The WK register, which contains the real address of the page table entry, 
is used as the address source register by the read storage word. The page 
table entry contains the real address portion of the page originally me 
accessed by the word causing the trap. . 
te The DK address decode gates the EBI and the PAA to the TLB that i is 
addressed by the LRU. 
The storage word causing the trap is now re-executed, a match of the virtual. 
address from the PAA and the TLS occurs, and the M-register is set from the _: 
TLB and the PAA. 


fais nvarlaaeseey] EET 
_NP {o1234567|01234667| 101234567, 


a wp 1M Segment ; fae To Bits 5, 6 of WK3 
2k Page 


Byte 2[01234567]01234567] [o1234567]01234567| 101234567, Byes 





pievsemsitl 
NP (01234567[01234567] 101234567] 


IM Segment ~ | 
4k Page To Bits 8, 6 of WK3 


Bye 2[01234567[01234567| 01234567}01234567 Byte 3 


ETT 1 





PAGE TABLE 
Main Storage. 











Bits 4-7° - 
























Byte 0 Byte 1 Bits 8-11 oe 

NP }01234567|01234567 aie 
“64K Segment ‘2 a ioe oe ee ee a 
"Dh Pate feist Ly re pins, got wxs — | ave cote on oe nFamn THE for 28 eae 

my PRE Pe al Mem on Ss LRU Gate ‘Byte 2 bits 4-7 







Virtual Real ; 
Address Address 


bps TC 





“OOS WN — © 





Real dite from TLB 


‘Byte 2]/01234567)01234567] Byte3 









Execute storage word that caused the trap. Ifa , 
Match occurs, the M-register is set from TLB and PAA. 





. ‘Displacement from PAA. | Byte 3 bits 0-7 





NMOOAWN 0 





Instructions associ DAT 


Load Real Address (RX) 
LRA 
a ee ee eee 


0 8 12 16 ; 20 eee 31 





ce -When the invialid bit in the segment table entry is on, the con- 
dition code is set to 1 and the real address of the segment table 
entry is placed in the genera! register specified by the R1 field, 


The real address of the second operand is inserted in the general - : =: 
- register specified by the R1 field. The remaining bein: bits of : 
the general register are set to zero. ; 


When the invalid bit in the page table entry is on, the condi- 
tion code is set to 2 and the real address of the page table entry 
is placed in the general register specified by the R1 field. 


co! The virtual address specified by the X2, B82, and D2 fields i is: 
translated by the address translation facility regardless of the. 
setting. of the translation bit in the PSW. The 24-bit real address 
is inserted i in bit positions 8-31 of the general register specified by 
: the R1 field, and bits 0-7 are set to zero. The translated address is 
not inspected for resolution protection, or validity, =: 


When either segment table entry or the page table entry is out- 

side the table, the condition code is set to 3.and the register... 

; designated by the Rt field contains the address of the entry'that.. 
Dak would have been feferred to if the oe violation ‘had not - 

courted: 


Se Gc promGars. = jody Oo Saree Shere ren re: ne 
BN OTG@GSL P. INDEX) 2.25000 Fries See pola. 

--4 _ Result to the V-register. V = Logical address to be transtated. 

“A Move V-register bytes 1 and |. es 

: 2to RWregister. .°. ess 

; _| SUBRTN 
Move RW1 to NPO 
Move RW2 to NP1 


Add Segment number to 





The condition leis set to 0 when translation ¢ can ‘he com 
pleted: that i is, the entey i in each. oe is within the specifies © 
“limits and the invalid bits a are: zer0.. aE 











a Load Real ‘Address Routine (Gcsu) 
“On Entry: . V= Base + Displacement >” 


: Add Ind 1 
ben ndex Register Numb ‘ dd Index register contents 


to the Base and Displace- : 
ment . 









Segment Origin, place in WK 





register. 





‘|. | Place WK in RW. : 
yup Set condition code 3 


(Return to I-cyctes. 


ae is Bit 1 = 1 Format Check 
so Bit 6 = 1 Segment number too large 


00 
Test NP2 bits 1, 6 










o1 


“Read Segment table sony, 
place in RW. - ‘ 
















"01,10, 11 ™ 00 = Invalid 
Test RWS bits 5, 6 








Resulting Condition Code 


QO .=es= 


(oS 
, ea 
3 


Translation available 

Segment table entry invalid 

Page table entry invalid 

Segment or page table length violation 


Program tnterruptions 


Operation: 


Privileged 
Operation: 


Addressing: 


Translation. 


*. Specification: 
| S : ose D0 


"Place WK in RW. : 
 [:Set condition code 2. 


Return to |-Cycles 


The DAT feature is not installed. 
The operation is suppressed. 


The CPU is in the problem state. 
The operation is suppressed. 


The address of the segment table 
entry designates a location outside 
the available main storage. The op- 
eration is suppressed. 


Bits 8-12 of control register 0 con- 
tain an invalid code, or the page 
‘table entry has a format error. The 


~peration is suppressed. 







ae yf 


‘11 = Page too pees ce 
~ Test NP3 bits 1, 2: 


00, 01 = Segment invalid 
Large . 


Store WK in RW’ 
Add Page number and 
Page Origin, place result in 
WK. i RWio V. 
Read Page entry into RW. Return to I-Cycies 


Bad Page Format 


-| Condition code 0 is set to indicate Trantiation avaliable, 









Page Invalid 





Validity and Format 


Valid, . 





Translation Complete: ? 
Align Real address. Com- 


bine Real address and Page 
byte. 


Return to I-Cycles 
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Reset Reference Bit 


RRB 





Qo ee 16 —s« 31 


The reference bit in the storage key associated with the operand ° 
address is set fo zero. 


~ No other access to the key is S permittee between the moment ot 4 


fetching and the moment of storing the key. The ee bits of 
the key are not affected by this instruction. 


The operand address desigriates a location in real sores and is 
not subject to address Nerelation. Protection does not apply to 
this reference. : 


The condition tade i is ‘set to reflect the status of the reference 


“- and change bits prior to the setting of the reference bit to zero. 


“Resulting Condition Code 


“- 0 ------ Reference bit 0, change bit 0 
>. To-—-—- Reference bit 0, change bit 1 
(2 =-++ Reference bit 1, change bit 0 

3.--=+— Reference bit 1, change bit 1 


oo ' (Program Inte Ercaptons 


Operation:” ..- The DAT feature is not installed. 
me The operation is suppressed. 


Privileged Op- —- The CPU is in the problem state. | - 






eration: The operation is suppressed. 
. Purge TLB 
-PTLB. — 
 B20D fe 
. . WT RIO eed te AR RS LO tn a et i. 


OE 16 te 31 


All information in the translation lookaside buffers is made in- 
valid. No changes are made to the contents of addressable storage 
or other registers. The contents of bits 16-31 of this instruction 

: are sonore, . 


i Condition Code : 


The code remains unchanged. 


_ Program Interruptions 


» Operation: The DAT feature is not installed. 
The operation is suppressed. 


Privileged Op- The CPU is in problem state. 
eration: . *. The operation is suppressed. 


VO OPERATION eS : | Do 


AOR a ADU MATCH 
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Hardware Error Checking RAE ae 


| Adr X-Late LRU Inval (Address Translate LRU Invalid) 


The LRU should have only one active line at any time. The ADR X- Late LRU iwitid'e error indicates that an even number of 


lines are active which differs from the normal odd number condition. This error indicates a,failure of the LRU hardware. 


FORCE LRU INVALID — ied ray ai ; ie eee 
00 - 180 TIME ; aa Coe Pe PO LRUINVALID 
ay PEP aPae | i (MCKB BYTE 1. BIT 6) oc 





STOR2CYCLE. 








Adr X-Late Mult Match (Address Translate Multiple Match) 


’ During DAT translation operations, the ADJ storage words cause a comparison of the PAA (virtual} address to the eight TLB 


“registers (bytes 0 & 1). Either a no-match condition results and a trap to GGST routing is performed to load the TLB, or a suc: . 
cessful match results in gating the selected TLB (bytes 2 & 3) to the M-register. This error indicates a failure of the LRU, TUB, 
or ema) circuit resulting in the PAA matching more than one TLB register. : 





MATCH R a “S59 

EGO 03 on oe 
STG WD ADR ADJ MODE i MULTI MATCH 
ADR ADJ MODE a 7: (MCKB BYTE 1 BIT 4) 
GOOD OR CORR DATA eee ye an GE ree eee 
so a So AT wr gig ee 





Adr X-Late No Match (Address Translate No Match) 


When a TLB register is loaded (with a storage word of the form “RDH OK WK"), a match i is made via the normal match 
hardware. The absence of this match signal during the execution of this storage word indicates a hardware failure in the © 
LRU, TLB registers, or match circuits and allows heueieey bit f to be set. . 





DESTINE TLB * 
ADR ADJ SAVE PAA 














SET ELIMINATE ° (NO MATCH) 
(MCKB av te U Aekl hp 2, 






FORCE LRU INVALID (DIAGNOSTIC) _ 
(DIAGNOSTIC) % a 
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“ DATE Exercise ° This exercise may be used to verify‘the operation of the address translation hardware aa microprograms. 
Ss, By altering the loop that is entered and the microprogram, scoping procedures may be formed for detailed 
checks of hardware operations. 
Assume nat the DAT feature is installed and that the System/370 microprogram is toaded. 


























PR-KB ENTRY ; : ; DESCRIPTION 
Step 1 Load an RX Store instruction with an R1 field of 6, B2 field of 5, and a displacement of 100, at location 600. 
AM 600 4 ; 
> op R1 X2. B2 Displacement 
BegS 104 RX Steg 08 0 6 EO 0 
cs ‘Step2. - ; Load general register ‘5 with the base number to be used iin calculating the effective address of the second operand for the Store instruction: te . Lush 

AGS. ; Spee : During f-cycles, the second operand effective address is formed by adding the contents of general register 5 with the displacement value: The result is the virtual. address 104100. This. ad- 
00104000. ne : : dress is beyond the real storage range of any Made! 145 system. Therefore, this address must be translated to form a real address. The real address is loaded into a Sree avs the address trans: 

; RB a tation trap routine GGST: For the purpose of this exercise the real address.is a known value and is footed into the page table tater in. this dential . : ; 

, Step3.. ee 8. : : Load general register 6 with the value to be stored at the second operand. real address. 

“AGE. : 

- COCOCOCO : : 

Step 4 ; Load an RX Branch on condition instruction, with a friashe field of F (branch unconditionally), and a displacemeny of cae at location 604. aM instruction branches to the Store instruc- 

AM 604° - ears tion to form a two-instruction loop. : ; 

*, 47FG0600 ota g op M1. X2. B2 Displacement 

fe ; ; : RX Branch i Condition 4 Pk 0 0 6 0 0 
Step 5 a Load control register 0 with bits 11, 12 = 10 to specify a 1M segment, and bits 8, 9 = 10 to specify a 4K page. 
ACO ; ? 
00900000 E 
~ Step 6 ; ‘ Load control register 1 with a segment length code of O (byte 0 = 00), and a segment table origin address of 500. : oe 
00000500 . sees ; : as nett ages oS, ee Hughes! 3h a 
. Step 7 fore a ‘ ee mee se UBL Ze be gee _ Load the segment table, “iecated at pddress 500, with 16 entries as specified by the segment a code of 0. The fest enty contains the page table on setae 800. The page table fo- 
~ AM 500 : ; - ‘cated at 800 is associated with the instruction addresses, which are located in the same 4K page of real storage. ©: : 
~ 00CC0800 00000700 00000001 ooo00001 00000001 00000001 oDD00001 00000001 <The second entry contains the page table origin address 700 which i is associated with the second operand address of the store instruction. 
60000001 00000001 00000001 00000001 00000001 00000001 00000001. 00000001 The remaining 14 entries are loaded with the invalid bits set. : 
; , = Se ee ee be en : gaat ; The page table length codes in both the first and second entries of the segment table, are 0, indicating a page table length of 16 entries. 
TTF eee eee eee Oe ee 
Step 8 : Load the first entry of the page table located at address 800 with 0000. This is the high-order portion of the real address for both instruction addresses. Load the remaining 15 entries in .. 

. AM 800 this page table with the invalid bits set. : ees : el oar Saar : ; 

* 90000008 00080008 00080008 00080008 00080008 00080008 00080008 00080008 : : ; a Be ok create ens : ; Pa Sa a ela 
$$ tanner 
Step 9 - Load the fifth page tabie entry of the page table located at address 700, with 0020. cenit is the eles rorder Portion of the real address of the second one of the $ store instruction, Load» 

- AM 700 a the remaining entries on ihe invalid bits set. 2 & = ae : : ; 
00080008 00080008 00200008 00080008 00080008 00080008 00080008 00080008 : aan cen eaten te SRS SU : a : 

= Step 10 Load the initial program PSW with bit. (translate mode), and bit 12 (EC mode) set. Place the address 600 in the instruction: address field. 
04080000 00000600 : 
Step 11 , Load the Program new PSW with bits 5, 12, and 14 (wait state) on: Place the address 1334 1 in the instruction address field. This address is used to identity any Program Interup ret that, 
AM 68 may occur, oe 
04040000 00001234 
- Step 12 : . ae Perform the display virtual storage function. This operation causes the real address (right of the equal sign) to be calculated by the adress translation r routine 2 GGT. The Gast routine 
“DV 104100 = 002100 oe : é ees : oil is branched from the alter display routine. 104100 is pine effective virtual address of the second operand of the Store instruction. . 


Peas HWARAKKKK, KKK KKK KIO KKK XXKKAKAX XX-- 





; Step 13 ; ; : '.:.. Displaying the virtual address of the Store instruction, reveals that the virtual and real address for the instruction are equal. 
DV 000600 = 600600 : et ; ; 
* §050511 4700600 xxxxxxxx 


Step 14 





Press the restart key. The address 600 from the PSW is gated to the 


'’, $-register and the !-Cycles routine is entered. EC and translate mode 


are set and the system should run with the EC mode and ADR X- 

“= LATE indicators on. If the WAIT indicator is on and the address -: 
1234 is displayed continually in the A-Register display indicators, in- 
terrogate the interruption code in the PSW located at address 8C. 
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DAT EXERCISE FUNCTIONAL DIAGRAM 


Control Register 1 Control Register 0 
00000500 00900000 
/\ 










10 01 


\ 


1M seg 4K page 


; Page Table for 
Segment Table Entries . | segment 0 


Main Storage 500 Main Storage 800 


000000013 


Virtual Storage in 1M segments 


Each Segment has 256 4K pages [ 






Seg 16 





Segments. 2-15 


Real Storage 112K through 512K 


Segment table entry 


" Length [0000 Page Table Origin Address 


0 34 #7 8 F 28 


2100 Contents of 
104100-contents of general : is ay ie 


Page Tabie for ; ; register 5. 
segment 1 Seg 1 
Main Storage 700 : : 


800 Page table for seg 0 


x 


700 Page table for seg 1 


Length code of O specifies 16 entries tnvalid Bit 
in the segment table. 


604 BCF 600 


600 BCF 600 
600 ST5 104100 600 STS 104100 
Seg 0 . 





500 Segment Table 


Page Table Entry. 4K Page 


[Pane Aasres [1 [00] 7 | 
15 - 


0 1412 


Invalid Bit 


DAT EXERCISE FUNCTIO f{AGRAM (Continued) 


Control Register 1 Control Register 1 a 2 - =. PAA 


Joocooos.o0: fee Soe bow e-6 oo ie eae ose re [p09 0 0 0 5'00 [10410007]. 


500+4 = 504 














= 









Segment Table 
Main il 500° 


Segment. Table 
jain Storage 500 


0 
0 
0 


00000001 


Page Table at 700 M-Reg 






700+8 = 708 





00000001 be foc OLS Se ee 





"Sane aiid ‘page. 2 : 2 ve a 7 e ae os : , me a 0% Segment. and page 
: a 
“from PAA —mansemeneemamnpe. {} () () from PAA 


104 





a0 ae an we ae ee a ead) 





oo No Match 
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Check Execution 


' The following procedure verifies execution and DAT register 
toading. : 


1. Place address 600 in the address snitaiiee Address Conant 
switch in |-COUNTER LOGICAL, Address Compare Control 
switch in STOP, Storage Select switch to MAIN STORAGE, 

: System should stop. 


* 2: Place address 104100 in the address switches, Address Com- 
_ pare switch to ANY: LOGICAL, Storage Select switch to. 
MAIN STORAGE, Address Compare Control switch in. 
sToP. System should stop. 


“3. Place address 600 in the address switches, Address Comesé 
“switch in L-COUNTER REAL, Storage Setect switch to’: 
‘MAIN STORAGE, Address Compare Control switch in. 

~ STOP. System should stop. 


4. Place address 2100 in the address switches, Address Com: 
pare switch in ANY or DATA STORE, Address Compare 
Control switch in STOP, Storage Se lect Switch to MAIN 
STORAGE. System should stop. 


If a. program check occurs, display Program Interrupt Codes at 


“: focation BC. 


Re Main Storage 


oo: Byte 3 


00000000 00010000 = 10 —-— Segment Translation Exception 
(Fos. "Caused by: Segment invalid bit 
‘on, or Segment 
length code error. 


‘00000000 00010001. . 11 — Page Translation Exception 
: . ae Caused by: Page invalid bit on, 


. or Page length code 
* error. 


ae - 00000000 00010010. 12 = Translation Specification 


* Caused by: Page table bits 43, a 


14 not equal to zero, 


_-or Segment table bits 


29, 30 not equal to 
zero. 
Control reg O Bit 10 
Bes ; ' not=0. Invalid com- 
ipa: Joe, oe ee bination of page and 
Pies : eas. geament bits in con- 
trol reg Obits 8, 9° 
and 11, 12. 





Display DAT Registers 

1. Display TLB O (External) 
Word address 2E in switches F, G 
Switch H to position 0 
Storage Select switch to EXT REGS 


The virtual address (bytes 0, 1) and the real address (bytes 2,3) 
“are zero with the parity bits on. Parity bits on indicate that 
this TLB was loaded by the microprogram. 








. Display TLB 1 (External) 


Word address 2€ in switches F.G 
Switch: H to position 1 
Storage Select switch to EXT. REGS 


Byte 0 = 10 Virtual address 
Byte 1 = 40 


“Byte 2 = 00 Reai address 


Byte 3 = 20 
Place switch H in any position 2-7, Bytes O and 1 have not 


“been accessed and are blank with no parity bits. TLBs 2-7 


could contain residual data." 


. Display the LRU (External). Bos . 
Word address 08 in switches F, G 


Storage Select switch to EXT REGS - 


The LRU, located in byte 2 of the ‘diapley, should have bit 2 
on. This indicates that TLB 2 is the least recently used and is 


to be loaded next. 


. Display the NP register (Expanded Locat Storage) 


Word address 78 in switches F, G 
Storage Select switch to EXP LS 


Byte 0 = 10 
Byte 1 = 40 
Byte 2 = 98 
Byte 3.= 40 


. Control register 0 is located at control storage address F480. 


Control register 0=00 90 00 00 
Control register 1 is focated at contro} storage address F484. 
Control register. 1= 00 00 05 00 


. To modify the exercise for a scope loop, modify as follows: 


AM 604 
B2000000 

AM 60A 
47F00600 :. 
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CHANNEL INDIRECT DATA ADDRESS (CIDA) 


Introduction 


The CIDA feature can extend the address adjustment of the dy- 
namic address translation (DAT) feature to the 1/O channels. A 
contiguous set of virtual addresses can be mapped into a non- 
contiguous set of pages in real storage. Because only a single data 
address need be in effect at a time for a channel, using the DAT 
hardware to handie the adjustment with each access is not neces- 
sary. The adjustment factor is applied by the program, and the 
real address is stored for the CIDA controls. These adjusted ad- 
dresses are stored as an IDA list (IDAL) for each CCW. Each 
word of the list is referred to as an IDA list word (IDALW}. 


The operation of the CIDA feature is selective and can be 
used in either BC or EC mode. An CIDA flag in the flag byte of 
the channel CCW functions is the indirect addressing switch. 
When the CIDA fiag = 1, the normal data address of the CCW is 
the address of an IDAL in main storage. This list contains one or 
more addresses of main storage on page boundaries that can be 
_ used in sequence for the CCW operation. The first address is not 
required to be on a page (2K) boundary to permit filling a partial 
. page. All remaining addresses in the list must be for the starting 
address of a page in main storage. The operation need not fill the 
last page used. 


in operation the hardware must recognize the end of a page 
and enter the next address (IDALW) from the IDAL. For all op- 
erations except read backward, the end of the page is recognized 
by the change of the low-order eleven address bits from ones to 
zeros. For the read-backward operation, the change is from zeros 
to ones. The low-order eleven bits of an address must be zeros (2K 
boundry) for a forward operation. 


The change is detected by testing for an inversion of byte 2 bit 4 
of the data address. Any address in the {DAL other than the first 
that is not on page boundary, or that contains information in 
byte 0, causes a program check indication and the operation is 
terminated. ; 


Byte Multiplexer Channel 


For the byte-multiplexer channel, the CIDA feature requires a 
fourth word in each assigned UCW. This word holds the IDAL 
address for the assigned device. During the entry of the CCW, the 
CIDA fiag bit is tested to determine the use of the data address 
field. A CIDA flag causes the address to be stored in the fourth 
word of the UCW, and then uses that address to enter the first 
IDALW to store as the data address in the UCW. 


With each use of the data address for data transfer, a test is 
made for the updated address crossing a 2K boundary. This test is 
made by comparing byte 2 bit 4 of the address before and after 
the update. Any change represents the cross of a 2K boundary. 
When a change is detected, the IDAL address is entered from the 
UCW to fetch the next IDALW for the new data address. In CIDA 
command chaining, each CCW is tested for the [DA flag: either 
the normal data address or thie CIDA addressing routine. 


. COMMAND CODE = WRITE 
IDA=1 


The data address in the CCW provides the address of which in 


turn provides the data address. 


Bit 37 in CCW 





ccw| wr] Data IDA=1 
: Address 














Storage Location 


2048 4096 


The data addressing for console printers is the same as for 
the multiplexer channel. The CIDA feature applies only to op- 
erations initiated by the Start 1/O instruction. Alter and display 
operation do not translate addresses. 


Selector Block-Multiplexer Channels and IFA 


With the CIDA feature, the selector and block-multiplexer chan- 
nels operate in the same manner. A block-multiplexer channet 
can only disconnect at the completion of a command and, there- 
fore, does not require storing the CIDA information in the UCW. 
Upon entry of a CCW either on initial selection or subsequent 
command chaining, the CIDA flag is tested. When the f!>g is 
present, the address in the CCW is not entered into the GDRL 
register. Instead, the address is that of the IDAL to be used for 
entering an IDALW into the GDRL register for the data address. 
The next IDALW is immediately read into the GDBRL register to 
back up the GDRL register. The updated !DAL address is re- 
tained in the GD register. 


When the data address in the GDRL register has been either 
incremented or decremented until! it crosses a 2K boundary, the 
hardware transfers the contents of the GDBRL register into the 
GORL register and requests a CIDA data trap (D10C). When the 


Data Address 1 
Data Address 2 ro 
Data Address 3 





6144 8192 10240 12288 


A + 2048 + B = Count 


trap is honored, the DAL address is used to enter the next 

IDALW into the GDBRL register. The addresses entering the 
GDBRL register contain only bytes 1 and 2 because they contain _- 
no key and because the tow-order byte must be either 00 or FF. 
The data transfer stops in the normal manner at the end of the 
record or in the case of an error. 


_ The IFA functions in the same manner as the selector channel 
for CIDA operations that use share cycles to transfer data to or 
from main storage. For control, sense, and operations that use 
microprogram to transfer data, the hardware forces the address- 
ing to use the FDRL register when the FD register is addressed. 
The CIDA data trap request uses the IFA gated-attention trap 
(D120) and branches to the IDALW entry routine when no gated- 
attention condition is found. : ahaa 
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CIDA Data Address Conugp . Page-End Detection 
ante : $s LS 68 Byte 0 


EBI Byteo “——“ | Seir Share B+C Cycle 
Bits.0-3, P IFA Stw Cyc 2 Adr-Adj 










(Not) Stg 2 Cycle. Chan Key 







: . IFA Stw Cyc t Adr-Adj 
Byte Line O A Bits 0-3, P 
Y 000 
Storage 2 Cycle 
oa Exp LS Dest Addr X5 Gw 014 ae 
ano 8 a LS 68 Byte 4 , pice Ena 
_ LS 69 Byte 1 Lon | ae Chan Byte 2 Bit 4 
EB! Byte t Exp Chnt DA 1 
Bits 0-7, P CS Share 2 Cyc 
(Not) Storage 2 Cycle 






(Not) Stg tntk Cycle 
0-Time 





LS 68 Byte 2 


LS 68 Byte 3 


"Bits 07,P or 
en LS 69 Byte 2 


EBI Byte 2 E i 
= meals 


de dg mere 


Bit End Delay 
Exp Chni DA 2 
Bits 0-7, P 


GW 121 






al -1-Time Diy ae 
Bits-0-7, P . : f 
aes S Pep canioa . | 
fos = A Bits 0-7, P Error Detection 
Exp LS So 5 aeons : Set 68 Byte 3 , 











code ‘ ROW Adr-Adj —-}-—@-—1 
expels Dacice YO 8X 1 or IFA D Addr Lth on, 68 Adr Er 
: GW 015 Set 69 
¥ 001 69 Full : A | 
Exo LS Det Aadr x5 | —— H4 sHersour FL 
Line 3 i FL yte O Bit Stg 2 Share 
Byte Diag or Mach Rst EB! Byte 0 Bit 2 j 
¥ IFA Stw Cyc 2 Adr-Adj 
SX1DAdé&e. - —« EBL Byte O Bit 3 
: 4-Time ; : EBI Byte 0 Bit 4 
. Trap Reg Set 68 Byte 3 
De: - : EB! Byte O Bit 5 GW 101 
4 ESI Byte 0 Bit 6 
EBI Byte 0 Bit 7 net 68 Adr Er 
Gate Prot 
Exp LS Dest Addr X5 ‘ Pass 69 into 68 a | Cx Sx! 
Byteline3 Pita 0-Time Ez FL : yore 
’ : Y- | (Delayed) : : 
as Y 101 5 oo 
; 0-Time ; (Note) 11-Bit Error 4] | 
ro vor ——4 |_| - | 
{ 4 GW 015 4 
Main Storage Access + 
EBI Byte 1B 
¥ 000 In " ; 
OTimeDly 
(Not) Diag Function : 
Gwo13 Pre On EBI Byte 1 Bit 0 
EV. EB! Byte 1 Pari 
SXt1 or 1FA Share 2 Note: ‘11-bit error’ is the result of testing the eleven low- 
: : SX1 of IFA D-Addr Lth order bits for all Os for 8 forward transfer and all 1s for a beckwerd GW 015 
. Page End transfer. 
oO GW 151 
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Basic Selector Channel Addressing 


The selector channel data addresses supplied by the CCW define 
the starting address in main storage to be used for the operation. 
The data address is initially set into the GD register in tocal stor- 
age. This same data address is also set into the expanded tocal 
storage GDRL register for use in addressing by the share cycle. 
The share cycle hardware actually addresses the GD register but 
taises the B-register addressing gate to enter the GDRL register. 
During the second cycle count update, the address gate is 
dropped so that the GD address 1 enters the GC register. The 
address in the GD register is not used for the data movement. 


Basic IFA Addressing 


The IFA addressing is similar to the selector channel addressing 
but involves some exceptions because of the hardware integration 
of the control unit. The share cycle transfers between the file 

and main storage are identical but use the FD and FORL registers 
Share cycle transfers between the file and contro! storage involve 
the FA register for data address and the B-register address gate is 
not raised. The transfers of control, sense, and data information 
between control or focal storage and main storage do not use the 
share cycle controls. The main storage address is set into the 
FORL register and the B-register addressing gate is forced by the 
hardware condition. 


The data address from the CCW is entered into both the FD 
local storage register and the GDRL expanded local storage regis- 
ter. The address for any control storage area involved is entered 
into the local storage FA register by the microprogram. The 
share. cycle controls address either the FD or the FA register for 
the data address depending on whether main storage or control 
storage is affected. When the FD register is used, the B-register 
addressing gate is raised to.enter the FDRL expanded local stor- 
age register. 


The IFA data transfers that do not use the share cycle controls 
force a three-step clocking sequence to gate the two-cycle storage 
word. During the second cycle count update, the gate is dropped 
and the count is entered from the data register and incremented 
by 1 for either the FC or the FB register. When transferring in- 
formation between main.and control storage, both of these ad- 
dressing systems are used but without the share cycte controls. 
The microprogram controls the addressing with the gate being 
forced through hardware. 


CIDA Backup Control 


When the CIDA flag is set, byte 2 bit 4 of the address sets a 
polarity-hold latch. After the address has been updated as the re- 
sult of the transfer, the same bit is compared with the polarity- 
hold latch to determine whether the level has been changed. A 
change represents the cross of a 2K boundary. The address — 
backup register (GDBRL) bytes 1 and 2 are transferred into the 
GDRL register to continue the operation. Byte 3 of the GDRL 
register now stands at either ail zeros or ali ones that represent 
the 2 boundary. faz-forward or backward transfers. Byte 0 of the 
GDRL register contains the protect key and does not change for 
. the new address. 


When the backup register is transferred, a request is made for a 
CIDA data trap to enter the next IDALW. When this trap is 
honored, the IDAL address in the GD register is used to enter the 
next IDALW into the GDBRL register. All IDAL words except 
the first are tested for 2K boundary. A part of the zero-count de- 
tection circuits is used to test the 11 low-order bits. These are all 
zeros for a forward transfer and all ones for a backward transfer. 
The read backward line reverses the bit levels through OE logic 
circuits to test for ones in the zero test circuit. 


If this hardware detects a program violation in the CIDA list, 
the hardware forces on the highest-order address bit when the bad 


list entry is moved into the backup data address register (GOBRL). 


If data transfer continues until this entry of the list is needed, an 
address check occurs which results in a channel program check 
through the normal address check mechanism. If the data trans- 
fer is concluded before the bad entry is needed, no check is indi- 
cated. 


If other activity on the system prevents honoring the CIDA 
trap before the data transfer exhausts the contents of both GDRL 
and GDBRL, a line is sent to the channel hardware. This prevents 
further share cycles from that channel until the CIDA trap has 
been honored. Note that this is a highly unlikely event because it 
requires that a one megabyte device has its trap request locked 
out for two milliseconds. 
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PROGRAM EVENT SQHORDING (PER) 


The program event recording feature provides a means for de- . . 

bugging new programs or revisions. PER can alert the programmer 

when these events occur. ie? : 

© Successful execution of a branch instruction. 

@ Alterations of the contents of designated main-storage loca-. - 
tions. ° : 

@ Alteration of the contents of a specified general register. 


® Fetching of an instruction from designated main-storage loca- 
tions. ‘ 


Introduction 


The program has control over the conditions that are considered 

events in the program sequence. These events can be selectively 
monitored to aid in program-analysis. When an event occurs, a 

"program interruption is initiated if the masking conditions allow. 


An interruption for an event does not remain pending: if the in- « : 


terruption is masked, the information is lost. Information con-. ° 
cerning the events is reported through the interruption codes. 
The PER feature operates only in EC mode. 


Program Event Operations : ' 


PER operations are initiated by setting one or more PER control 
bits to a .1.in control register 9 and setting the PER mask . 
« 4ECPSW bit 1}: The program to be scanned is. performed in the 

* normal manner. . ; 


Addresses defined in control registers 10 and 11 apply to both 
the ‘instruction fetch’ and the ‘storage alteration’ events. When 
the starting address is smaller than the ending address, the event 
area is from the starting address through the ending address. If 
the ending address is smaller than the starting address, the event 
area is from the starting address to the end of storage and from 
address zero through the ending address. A single storage address 
is defined when the starting and ending addresses are the same. 


With the PER feature allowed (ECPSW bit 1 = 1) and when an 
event is recagnized, the interrupt is taken with the appropriate 
indications stored in the PER interrupt information in main stor- 

" age words 94 and 98. If the PER mask bit is not set, the event 
conditions are lost. : 


Control Register Allocation 

Control registers 9, 10, and 11 are used to define the events to be 
monitored and the limitations imposed for the PER operation. 
PER Control Bits 


"Bits 0-7 of control register 9 specify the events to be monitored. 
When a bit = 1 the event is monitored. 
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PER Control 


CONTROL REGISTER 10 


00000000 





CONTROL REGISTER 11 


00000000 


BitO Successful Branch Instruction 
Bit 1 Instruction Fetching 


Bit 2 Storage Alteration 
Bit3 Genera! Register ‘Alteration 
Bit4 Unassigned 
Bit5 Unassigned 
Bit 6 © Unassigned 
Unassigned 


Bit 7 
PER GR Alteration Masks 


Bits 16-31 of control register 9 specify which general registers are 
to be monitored for alteration of their contents. The 16 bits are 
assigned in the order. of their ascending bit numbers to the 16 
registers, When a bit = 1 -~he register is monitored. 


PER Starting Address 
Bits 8-31 of control register 10 define the first address of the 
main storage area to be monitored. 


PER Ending Address 


Bits 8-31 of control register 11. defines the last address of the 
main storage area to be monitored. 


00000000 


sie fo fifa fats fs [6] zfs [9 jrofss fr2] 3] v4] 15] te] 17] 18] 19 [20] 20] 22] 23 [24] 25] 26 [27] 20 [29 [30] 51] 


| sits fofrfa}sfats |e] 7] eo fro 1 }r2]13] 14] 15} 16] 17] 19] 19] 20] 25] 22] 29] 24] 25] 26 ]27] 20] 29] a0] 31 


General Register Mask 


PER Starting Address 











PER Ending Address 


Extended Interrupt Code 


A detected event condition is reported in the extended inter- ; 
ruption code during the effected program interrupt for EC mode. 
The program interruption code of 80 defines PER as the cause. 
The PER conditions are reported in main storage words 94 and 
98. 


PER Code 


Bits 16-23 of main storage word 94 specify event or events 
causing the interruption, These bits are arranged in the same re- 
lation as the control bits in control register 9. When a bit = 1, the 
event was detected. 


BitQ Successful Branch Instruction 
Bit1 ‘Instruction Fetching 

Bit 2 Storage Alteration 

Bit3 General Register Alteration 
Bit 4 Unassigned 

BitS Unassigned 

BitG Unassigned 

Bit 7 


Unassigned 


Program Event Address 


Bits 8-31 of main storage word 98 specify the address associated 
with the recognized event. This is normaily the address of the in- 
struction causing the event except an execute initiated instruction | 
when the execute instruction address is stored. 


Word 94 . ee 
0 8 16 yy _ 31 
Word 98 


0 8 16 24 3 
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Successful Branch Instruction 

When the PER contro! bit 0 = 1, the operation sequence tests for 
a successful branch event following the execution of each branch 
instruction. A successful branch results from branching the in- 
struction flow to the branch address of the instruction. The 
branch at the end of the load-PSW instruction is not considered a 
successful branch because that is the normal instruction flow. 


When bit 0 of the PER code is set to 1, the program event ad- 
dress is set to the address of the branch instruction unless it was — 
initiated by an ‘execute’ instruction that stores the instruction 
address. The address to which the instruction branched is stored 
as the instruction address in the old PSW. 


instruction Fetching 


When the PER contro! bit = 1, the operation sequence tests that 
the initial byte of the instruction falls within the monitored area 
of main storage. When an instruction is performed as the result of 
the ‘execute’ instruction, the initial bytes of both instructions 
are tested. The event is recognized if either byte falls within the 
monitored area. 


When bit 1 of the PER code is set to 1, the program event ad- 
dress is set to that of the fetched instruction. If the fetched in- 
struction is the object of an ‘execute’ instruction, that instruction 
address is stored. The next instruction address is stored as the in- 
struction address of the old PSW. 


Storage Alteration 


When the PER control bit 2 = 1, the operation sequence tests that 
the information is destined to an address within the monitored 
area of main storage. This does not include addresses initiated by 
the CPU for permanent storage and logout assignments. The stor- 
age is considered altered when the instruction could change the 
information, even if the value is modified by zero. 


When bit 2 of the PER code is set to 1, the program event ad- 
Gress is set to that of the instruction causing the reference. If the 
‘execute’ instruction initiated the reference instruction, the ad- 


dress of the execute instruction is stored. The next instruction ad- 


’ dress of the old PSW. 


General Register Alteration 


When the PER control bit 3 = 1, the operation sequence tests 
that the information is destined to a general purpose register de- 
fined by the alter mask in control register 9. The register is con- 
sidered to be altered, even when the value is unchanged, if the in- 
struction could have changed the value. The register could have 
been transferred to itself or the value modified by zero. If the in- 
struction involves multiple registers, the event is reported when 
any one of the group is defined by the alter mask. 


PaaS 


When bit 3 of the PER code is set to 1, the program event ad- 
dress is set to the address of the reference instruction except 
when it was initiated by the execute instruction when that ad- 
dress is stored. The next instruction address is stored as the in- 
struction address of the old PSW. 


PER Operations Introduction 


_ At the end of each instruction, if the PER control is active, the 


operation is branched to the entry of the PER routine (GQER). 
The normal RTN LNK statement performs the branch because 
the tink address has been altered during the setup to the BS 
module. Of interest in this routine is the successful branch ending 
because this is one of the events being monitored. When the 
entry is through the branch leg, a test is made for the load-PSW 
instruction that is not included in the event test. If the PER con- 
trol bit 0 is set, the routine posts the PER code bit 0 as the in- 
dicator in the PM register byte 1. One or more of the remaining 
PER code bits may have been posted by the routine before the 
instruction was performed. Any bits in this byte indicated that a 
PER interrupt is pending and the operation branches t. the GICM 
routine to post the interrupt conditions. If no PER interrupt is 
pending; a test is made for other interrupts pending. tn which 
case, the information for the one of highest priority is posted. 


After posting the interrupt information for an interrupt, the 
operation branches to the GIPW routine to store the current PSW 
as the old PSW and enter the appropriate new PSW to process the 
interrupt. The exchange of PSWs normally results in masking the 
PER feature (PSW bit 1) for the interrupt sequence. The ex- 
change may require additional setup operations for a change in 
the contro! mode. Before returning to the t-cycle hardware to 
start the first instruction of the interrupt program, the tests for 
PER events must be made on that addres if PER is masked on in 
the new PSW. 


When no interrupt conditions are involved upon entry into the 
GQER routine or with the return from the GIPW routine, the 
three events involving addressing are tested. The address of the 


next instruction in the I-register is stored in control storage FFDO. 


for use in posting an interrupt after the instruction operation. 


’ The PER starting address and the PER ending address are éntered 


to define the monitored main storage area. The two addresses are 
compared to determine whether the monitored area wraps stor- 
age which is considered acceptable. After determining that the 
instruction-fetch event is to be monitored, the instruction ad- 
dress in the I-register is compared to the starting and ending ad- 
dresses to determine whether it falls within the monitored area. 
When it does, the PER code bit 1 is posted to indicate. 


Further event testing requires the entry of the instruction op- 
code. This op-code is masked to determine whether it is the exe- 


‘cute instruction. In which case, the object instruction address 
must also be tested for possible location within the monitored _ 


area. The operation sequence enters the object op-code because it 
is this operation that involves the operand address. A test is also 
made for a possible execute-execute sequence that is invalid. 


Following the instruction-fetch event test, the op-code digits 
are used to address the F3 module of control storage. The byte 
thus entered contains a PER control mask and four contro! bits 
that define unique conditions for the op-code. The PER contrat 
mask is ANDed with the PER control bits to remove those events 
that cannot occur. A bit remaining in the modified PER control 


byte indicates that the operand is considered changed. The four. - 


low-order. bits are defined as follows: 


Bit 4 Special Instructions (B2 and EA) 
BitS Insert Char under Mask (BF) 
Bit6 Load Multiple (98) 

Bit 7 Long Operation (2 GPRs).. 
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The modified PER corliPbyte is tested for bit 2 to determine 
whether the storage-alter event is to be considered. To make the 
test, the operand address information of the instruction must be 

entered and the address developed. This address is compared with 
the previously entered PER starting and ending addresses defining 

. the. monitored area of main storage. If the operand address falls 
within this area, the PER code bit 2 is set. . 


When the modified PER control byte contains bit 3,-a test is 
made. with the GPR-alter mask to determine whether the altered 
register is monitored. Bits 4, 5, 6, and 7 of the modified control 
byte represent'special conditions to be considered in testing. Bit 
’ A identifies the B2 and EA instructions that are not tested. Bit 5 
indicates an insert character under mask instruction that does not 
represent an alter when the. mask is zero. Bit 6 indicates a load- 

- multiple instruction in which a series of GPRs are altered. Bit 7 
identifies a long operation instruction in which two GPRs are 
altered. 


The address for a GPR is in binary notation in the instruction 


and must be encoded into a bit identification to compare with the , 


GPR alter mask in control register 9. For a load-multiple opera- 


tion, the instruction detines the first and last register involved and _ 


the bit identification for each register must be encoded. For a 
long operation the two consecutive registers are encoded: The 
identification bits are assembled into bytes 2 and 3 of a working 

_ fegister to be ANDed with bytes 2 and 3 of controi register 9. 
Any matching bit condition results ina non-zero result to indicate 
that the event has taken place. The operation defines that a mon- 
itored register has been altered but does nat indicate which one 
or whether more than one was altered. The PER code bit 3 is set 

“to indicate the GPR-alter event. 


Foliowing the tests for PER for the next instruction, the op- 
eration returns to hardware t-cycles to process the next instruc- 
tion. This iristruction is the first instruction of the interrupt 
routine if the PSWs were exchanged. 


START 


Process Current Instruction 









Successful Branch No 
GQER Yes 
Post PER Code 0 if PER 
Ctr! 0 is set. Test (not) 
LPSwW 
Yes 


PER Interrupt 







Post PER Code and Event 
Address in EPSW 
Reset PER Code 


Other Interrupt 


GICM 


Test for Interrupt Cond. 
Post Interrupt Code in EPSW 


GIPW 








Store Old PSW. Enter New 
PSW. Test (not) invalid 
PSW. Adjust if Mode 
Change. 









Save 1-Address in FFDOG 
Enter Low Limit Addr. 
Enter High Limit Addr. 
Test for Storage Wrap- 

around. 


. PER Control 1 





Compare !-Address to 
Low and High Limits. 







Address 
in Monitored Area 


GQER 


Post PER Code 1. 








Enter Instruction. 
Mask for Execute Inst. 


Execute Operation 


Enter Event Mask Byte. 
AND Mask with PER 
Control. 








GQER 


Develop Execute Address 













PER Control 2 






Enter Oper and Address 
Develop Storage Address 

Compare Op Address to Lo: 
and High Limits. 


Storage Altered 


Past PER Code 2 


PER Controf 3 


Decode GPR Number 


Another Register 
GQER 


Compare Decode with 
GPR Mask. : 


GPR Altered 


GQER Yes 


Develop Next Register Num- 
ber. , 





GQER 


Post PER Code 3 
RETURN to t-Cycies 
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DOCUMENTATION PLAN 


VOL 30 


Alphabetical subject index of documentation con- 
tents, and index of cross references among all 
volumes, 


INDEX 


Documentation plan defines the organization of 
the manual and the contents of major sections, 
Includes legend pages describing manual symbology. 








Presents high level description of the CPU, Shows 
data and control flow, plus a brief description of 
major functional! area. 


INT Roduction 


Describes the working relationship of the functional 
units that make up the CPU, Uses unit data flows, 
operational diagrams, text, and second level diagrams 
where necessary. : 


CPU Hardware 


VOL 31 


Contains microprogram information needed to read 
the microlisting (microprogram source document). 
Describes the control words that make up the micro- 
programs, and contains microprogram instruction 
examples. 


‘MIC roprogram 


Presents a high level description of the Console File 
and a detailed description of the Console-File 
attachment circuits, 


Console- Fite Adapter 


Presents a detailed description of the 3210 and 3215 
Console Printer-Keyboards and associated attachment 
circuitry. includes microprogram operation and pro- 
gramming information. 





Console Printer-Keyboard 


PoWeR 


STOR age 





_ CHaNneLs 





Integrated Fite Adapter 





Optional FEAT ures 


VOL. 32 


Describes motor-generator concepts and CPU power 
system. Includes sequencing, distribution, service 
checks, removal and replacement, and preventive 
maintenance, 


Presents high level description of Phase 2! tech- 
nology. Describes the storage areas and functions 
which include: addressing, BSM data flow, and 
timings. Explains the use of Error Checking and 
Correction (ECC) in detecting and correcting 
data errors, 


VOL 33 


Provides a detailed description of the Model 145 
VO Channels: Byte-Multiplexer, Selector, and 
Block-Multiplexer. Included are operational 
diagrams and flow diagrams with related text. 
Defines the standard interface with expansions. 


Covers the details of the adapter data flow, 
file operations, checking facilities, func- 
tional units, and interrupt handling, 


Covers optional features that are not covered in 
related sections, included are descriptions of | 
{8M 1401/1440/1460 and 1410/7010 Compati- 
bility, Direct Control, and Channel-to-Channel 
Adapter. ‘ 


System CoNSo Le 


RECovery Features 


DIAG nostic Functions 


REF erence 


~ 









VOL 34 


Provides descriptions of keys, lights, end switches 
on the system operator console. included are 
console operating procedures and applications. 


Describes hardware and programs involved in 
detecting and handling of machine malfunctions. 


Describes the diagnostic hardware end programs 
used in the Model 145, 


Contsins a summary of data that is useful to the. 
service representative when troubleshooting. 
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- ABBREVIATIONS 


A, 

A and function 

AAR A-address register 

ABM advanced bi-polar monolithic (storage 
“ABRTY AandB retry register. . 
aC, alternating current 

ACB address check boundary 
ACBR - — address check boundary register 
ACR © automatic carrier return 

A/D alter/display 

ADDR address 

adj adjust 

 Adr-l°. address-in 

Adr-O address-out 

adv advance 

ALD automated logic diagram 
A-LS A-local storage 

alt alter 

Alt/Disp-  Alter/Disple/ 

ALU arithmetic togic unit 

AM address mark 

amp . | amplifier, ampere 

ANUM add. numeric 

appndg appendage 

APR alternate path retry 

arith Arithmetic 

ASCH ° © american standard code information 

: interchange 

ASCP automatic system checkout program 
asm assembler 

AT. attention (file) 

ATTN attention 

avi available 

8 

BAL branch and fink 

BAR B-address register 

BBE branch on bit equal - 

BC basic contro! 

BCA bit court appendage 

BCA basic channel! adapter 

BCAI basic channel adapter interface 
BCD binary coded decimal 

BCE branch on character equal 
BDIL branch and do interpretive loop 
ofr __ buffer 

BI FLAG branch on invalid flag 

bin binary 

bik block 

BLS © B-local storage 

BMF block multiplexer feature 

BR ', bit ring 

BR 


branch 


brd 
BS. 
BSM 
bwd 
BWF 
BYTDST 


6 
c 
CA 
CAR 
CAW 
cB 
cc 


ccc 
CCH 
CCW 
cD 

CDA 
coc 


CE 


CF 
CFC 
CFDA 
CFDR 
chan 
char | 
chk 
chng 
chni 
CIDA 
ck 
CKD 
clk 
CM 
cmd 
Cmd-0O © 
emnd 
encl 
end 


. cnsi 


cnt 
entr 
CO3ax 


CO 


comp 
con-con 
cond 
cons 


board 

byte source, bit select 

basic storage module 

backward - 

branch if wordmark or zone ool 
byte destination 


count 

control! address 

cylinder address register 

channel address word 

circuit breaker 

condition coc*, chain command, 
-yclic code 

channel contro! check 

channel check handler 

channel command word 

chain data time-of-day clock 


. chained data 


channel data check 
customer engineer 
console file 

console-file checking 
console-file disk address 
console-file data register 
channel 

character 

check 

change 

channel 

channel indirect data address 
check : , 
count, key, and data 
clock 

current module 
command 
command-out 
command 

cancel 

condition 

console 

count 

counter 

coaxial cable 
convenience outlet 
compare 

contingent connection 
condition 

console 


- conv 


corr 
cP 

CPK 
cpmt 
CPU 
CPURTY 
CR 

cs 

CcSw 
CTCA 
CTCAX 
CTCAY 
ctr 

ctrl 

cu 

CUA 
CUB 
CUE 

cyc 

cyl 


B . 
D 

DA 
DAT 
DASD 
db! 
oc 
de- 
OcB! 
ocBO 
DCC 
DCHI 
DCPL 
DDR 
DE 
dec 
DED 
Del 
dest 
det 
OF 
diag 
diff 
DIL 
Dir-tn © 
Dir-Out 
Dise-i 
dist 
div 


convenience 

correction 

circuit protector 

console printer-keyboard 
complement 

central processing unit 

central processing unit retry register 
control register 

control storage 

channel status word 
channel-to-channe! adapter 
channel-to-channel adapter X system 
channel-to-channel adapter Y system 
counter 

control 

contro! unit 
control unit address 
contro! unit busy 
control unit end 
cycle 

cylinder 


\ 


data : 

data address 

dynamic address translation 
direct access storage device 
double 

di-«ct control 

direct current 

direct contro! bus-in 

direct control bus-out 
disconnect command chaining 


direct contro! hold-in 


De-coupler 
dynamic device reconfiguration 
device-end 


-decode, decimal, decrement 


double error detect 
‘delay 

destination 

detect 

disk file 

diagnostic 
difference 

do interpretive loop 


’ direct.controt bus-in 


direct control bus-out 
disconnect-in 
distribution 

division 


DL 
dly 
D-Mod 
Doc 
DOS 
dply 
dsbid 
dup 


EBCDIC 


EBI 
—BO 
EC 


ECC 
ECCL 
ECNT 
ECSW 
ED 
EDBI 
EDBO 
EM 
env 
EOF 
EOL 
EP 
EPO 
EPSW 
eq 
ERDS 
EREP 


ERP 
err 

ev 
exc 
EXCA 
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data length 

delay 

D-modifier 
documentary console 


disk operating system 
display 


. disabled 


duplicate 


extended binary coded decimal 
interchange code 

external bus-in 

external bus-out 

external control, engineering change 
extended control 

error checking and correction 

error checking and correction logic 
error count register 

extended channel status word 


” external damage 


external data bus-in 

external data bus-out 

external damage report mask 

envelope 

end of file 

end of line 

emergency pull (switch) 

emergency power off 

extended PSW 

equal 

environmental recording data set 
environment recording edit and 
print program 

error recovery procedure 

error 

even 

exception 

external contro! assembler 


EXE CPLT execute complete 


exp 
EXPLS 
ext 

ext asm 
ext dst 
extint 


expanded 

expanded local storage 
external : 
external assembler 

external register destination 
external interrupt ; 


f 
FBAK 
FBO 
FCH 
FCL 
FCND 
fdbck 
FOR 
FERR 
FM 
FF 
FLS 
FM 
FOP 

F STAT 
FTAG 
FTC 
fwd 


gen 
GM 
gnd 
GR 


orp 
GSTAT 


{AR 
18 
iBU 
ic 
cc 
icplt 
icy. 


IDA 
iDAL 
iDALW 


e 
1... backup external word 
file bus-out 
file count register high 
file count register low 
file conditions external word 
feed back 
file data register 
fite error externa! word 
file mask 
flip flop 
feature local storage — 
file mask 
file operation register 
file status external word 
tile tags external word 
flush through checking 
forward 


generate, generator 
group mark 
ground 

general registers 
group 


selector channel status externa! word 


home address 

halt device 

hardware 

hexadecimal 

high 

halt input/output 

H and M retry registers 
hard stop 

‘hardware 
“hertz 


instruction address register 
interrupt buffer 

I-register backup. 
instruction counter 
interface control check 
incomplete 

instruction cycle 

identifier 
indirect data address 
indirect data address list 
indirect data address list word 


if 
IFA 
{FCC 
tFCU 
iL 
ILC 
'M 
IMPL 
INB 
inc 
ind 
INF 
inh. 
inst 


“instr 


intf 
intik 
intr 
intv 
intvn 
invid 
invrt 
i/0 
1O0CA 
IOEL 
IPL 
{SC 
ISK 


JCL 


, 


KD 
keybd 
KL 


LC 
LCTL 
LD 
LEX 
LO 
Logl 
LH 
LHM 
LL 
Ink 
LR 


LRA . 


LRU 


interface 

integrated file adapter 
interface control check 
integrated file control unit 
incorrect length 
instruction length code 
input/output extended logout mask 
initial microprogram program ioading 
in backward 

increment 

indicator 

in forward 

inhibit 

instruction, instruct 
instruction 

interface 

interlock 

interrupt 

interval 

intervention 

invalid 


invert 


input or output 

input/output communications area 
input/output extended logout 
initial program load 

integrated storage control 

insert storage key 


job control language 


kilo, relay, key 
key and data 
keyboard 

key length 


length 

lower case 

load control 

tine driver 

local execute mode 


_ low 


logical 


_L-register high half 


left-hand margin 
L-register tow 


"tink 


line receiver | 
load real address 
least recently used 


Ls 
LSCA 
LSCS 


LSOST 


Ith 


2°: 
> 


N/L 
n/o 
NOP 
norm 
NPL 
ns 


local storage 

local storage control assembler 
local storage control storage 
local store destination: 

latch 


machine 

N-register back up 

multiplexer bus-out 

machine check ; 
machine-check analysis and recording 
machine-check extended logout 
machine-check handler 
machine-check register 
machine-check B-register 
machine-check interruption code 
machine-check A-register 


. move data in CPU 


machine-check recovery recorder 
magnetic feedback emitter 


_ multiple fixed tasks 


motor generator 

middle power package regulator 
move data for 1/0 
miscellaneous 

machine level control 

module 

monolithic 

mini operation register 

matrix printer 


. multiplexer 


M-retry register 

mitlisecond 

microsecond 

main storage 

main-storage frame : 
monolithic systems technology . 
multiplexer tags-out 

multiplexer tags:in 

multiple unit address 


. multip'e variable task 


inverter 

next address 

new line 

normatly open 

no operation 

normal ; 
new product language 
nanoseconds — 


o8Rr 


OE 
oP 
oP-4 
OPL 
OP-O 
OS 
osc 
Ov 


PAA 
P-Bit 
PCI 
PD 
PDAR 
PE 
PER 
PF 
PG 
PGA 
PGB 
PH 
PIR 
PIRM 
POH 
POR 


prev 
PR-KB 
proc 
prog 
prot 
PSW 
pt 
PTLB 
ptr 

pty 


RO 

Rt 
RAC 
RAS 
RCNT 
RCS 
AQ 
RDK 


outboard recorder 
overcurrent 
exclusive OR 
operation 
operational-in 
operational 
operational-out 
operating system 
oscilfator 

over voltage 


pre-address assembier 

parity bit 
program-controfted interrupt 
instruction processing damage 
program damage assessment and repair 
print emitter 

program event recording 

power frame — 

power gate 


_ power gate A 


power gate B 

polarity hold 

priority interrupt register 
priority interrupt register m: 
power-on hours : 
power-on reset 

position . 


’ previous 


printer-keyboard 
process 

program 

protect 

program status word 
point 

page table lookaside buff: 
printer ; 
power 


register 

record zero 

record 1: ¢ 

cemotd analysis center 

reliability availability serviceability 
retry count register 

reloadable contro! storage 

read ; 

reset diagnostic key 
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rdy. ready“ 


rec recovery ‘ 
recal ‘ recalibrate , zi 
ret . - feference ; 
req regulator, register - 
. req request . ge 
reqd required a. ‘ 
Rec! request-in ohio ke 
rev reverse 
RHM right-hand margin 
RM record mark 
RMS recovery management system 
rms - root mean square , 
RR record ready recovery report 
RRB reset reference bit 
Rst ; reset, restart 
rin return 
rty retry 


rty fig retry flag 


SAR storage address register 
SCAMPART storage console approaches, manual . 


procedures, and reference timings 


SCF storage and control frame 

sch search : 

scp system control panel 

SCR silicon controtled rectifier 

sets, Sector 

$D system damage 

SDBI _ storage data bus-in 

SDBO storage data bus-out 

spc suppress data check 

SDK set diagnostic key 

SOR storage data register, statistical 
data recorder , 

sec —-—s secondary 

sect sector : : 

sel select 

seld selected 

Sel-4 select-in 

Sel-O select-out 

selr selector 

seq sequence 

serdes serializer /deserializer 

SEREP system error record editing progra: 

Serv-l . — service-in : 

Serv-O service-out 

sht _ short 

$l system incidents 

sio start input/output 

SIOF start 1/O fast release 

S/t > sense preamplifier and data latch 

SLI . suppress length indication 

SLT “galid logic technology 

SM synchronous mask 

sng single 


so. 
spec 
SPTL 


SPTLB - 


SR 


S/R 
SSK 


Stat-l 
STCTL 
std 

stg 
sti 


‘STIDC 


i “UP 
stkd 
stor 
stp 
SUA 
supp 
Sup-O 
SUT 
svc 
svi 


SX 
sync 
synd 
sys 


TB 
TCH © 
TO 
temp 
term 
timr 


TH 
therm 
thid 
thru 
Tic 
TIO 
TLB 
TOD 
TODH 
TODL 
TP 
TR 
T/R 
tor 
TSBO 


segment origin 
special 
S, P, T and L-registers 


SPTL back-up word for SPTL 


registers 
system recovery 
set or reset 

set storage key 
start 

status-in 

store control 
standard 
storage 


‘Status-in 


store identification channel 


’ store identification processor 


stacked 

storage 

stop 

single unit address 
suppress 

suppress-out 

system unavailable time 
supervisor call 

service-in 

switch 
selector/block-multiplexer channel 
synchronize 

syndrome 


system 


terminal block 

test channel 

timer damage, time detay 
temporary, temperature 
terminator 

transformer 

T-register high 

thermal 

threshold 

through 

transfer in channel 

test input/output 


translation fookaside buffer 
time of day 

time-of-day high word 
time-of-day iow word 
timing pulse 
transformer-rectifier, trap 
tilt or rotate 

trigger 

timing signal bus-out 


vac 
val 
vde 
VFO 
VMA 
VOM 


WLR 
WM 
Wr 


WS co 


_WwTc 


XFer 
X-Late 


*BAS 


bs 


.GCR 


upper case 

unit contro! word 
upper or lower 
microsecond 


volts 

volts alternating current 
vatidate 

voits direct current 

variable frequency oscillator 
virtual machine assist feature 
volt/ohm meter 


word bottom 

word 

working register 

wrong length record 

word mark 

write . 
word separator, word source 


- word-top 


World Trade. Corp, 


© ansfer 
translate 


basic micro-diagnostic group 
micro 

microprogram 

microsecond 

phase 

phase control regulator 
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a “(Set (on) Pee tate 
ee Number of bit lines he Input side is denoted by heavy line. 
fee 4 oe , ibaie eetibeheg on PEP : : Circuit muttiples shown by numerals in” 
oon ee WG BOLT Bi (Reset) 81» (o¢t/0) lower right corner, ALD reference page 
; no 7 Displeyabte AC 123: may be shown beneath. 
Register Name 
(ian 
goer LP 2 
me ee yp. (Set) {On/1) Flip-Flop 
, , (Complement) Input side is denoted by heavy line, 
Byte number 36 8& : Shift signet i: 
(Reset) 2 (0t#/0) signal is shown by a P or N. 


Set Register 


9 ome Register, Counter 


§ — Input side is denoted by heavy line, — 
: Data flow lines are heavy weight; 
control lines are light weight. 


+18 





Clear 


Clear (Reset) 
{Reset} 


cory ef]? [1 [0 mo 
| *?Use + for up 


Clear ALD Page - for down 


(Reset) 


Shift Registers 


The Shift Registers are commonly 
used to seriatize and deseriatize 
data information, Input side i is 
denoted by the thick-lina; A partial 
transfer of contents is shown by 
numbered input/output | lings, 


~ oO 


oo 


~“ 
™~e 
“se 
™“ 


a 


’; 
- 
° 


kK Output 





(Date) (Output) Polarity Hold 


(Control) input side is denoted by heavy line, 


iClear) 


And 


BG Ol 


Negator {inverter} 


- Git 


Parity Check on 
Data Flow Line 


Displayable Bus 





pea Puget HES :GAA CPE MSER a Gide te ae. 


_aParisy Cones on 
Data Fiow Line 


ee 


; PLANG 


. {Time} 


_ Shift input wf ssh 


(time f Sneteehor ve ; 
(Frequency) = was ess ; 
_ Oscillator rae aay Eg 
. a 
(Time} 
Tie Di 
= indicator Lamp 
identifies caer bus, register, latch, ete, 
such as: 


A 8 = Disptayable bus with number of bus lines indiceted, 
Wired —_ Pluggable 


or : 
Switchable 


Displayable Filip Latch 


‘hinted 


ae XX Abbreviations 
CD = Core Driver 

OF = Differential 

HD = Head Driver 
{0 = Indicator Oriver 

LD = Line Driver 
LT = Line Terminator 

a = Magnet Driver 

= Voltage 


Multipletine Transfer 
Gate 


= Numerats against gate symbo! ove pege or diegram 
00.00 
number of Lacs circuit. : 





TIMING CHARTS 


rT : 8 fe 


: Ar : * State. el] wt 
Laie ha at beginning and end of the bar; czy in 


} on the same chart ‘that activate: desctivete 
"this line. “(Not)” with the number indicates that tack 


of the signa conditions the ling. to ER af 
ROR a 


wig ott 
peed : Be ae 


7 
2° eb 





Joummemeamund 


- 
aw oBe a 


3 
ens : 
U0 Anan 
Parr - 


Flowcharts. ce a os 


Process 
Major Functions or Events 


+2 Punetion or Process Detailed Eiscwhere 


. Indicate in blockwhere the detaited, flow chart of the process 
is tocated, 


Flow chart block where action is indicatable. 
(Use and placement of indicator is optional) 


(Use and placement of indicator is optional.) 





_ Terminat : Fe 
Indicates beginsing or end of flow peth. see ty 









le any 


Gives descriptive expianstory note. 
= PIP Lee er 


Pe LAD 


Flow chart block where condition branched on is indicatable. 





“MAYO, oe 


* GENERAL 


Diag 1-2 


Indicates a a note ina flow chart where 3 branch to open 
paths is higtare 


ae cn RE: ate 


On-Pags Connector 


Indicates connection between two parts of the same 
diagram. Arrow leaving symbol points (line-of-sight) 
to correspondingly numbered symbol. 

ma) ‘ 

On-Page Connector 

Indicates connection between two parts of the same 
diagram. Alphameric grid coordinate of complementary 
connector shown beneath, 


Off-Page Connector 


indicates connection between diagrams located on separate 
pages, Location of correspondingly - lettered symbol shown 
adjacent. Alphameric grid coordinate may be included, 
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INDEX 
AY ; 
A-byte assembler CPU 89 
A-gate layouts STOR 5-6 
A-il rotary switch functions CNSL 30 
A-local storage data flow CPU 12 
A-register 
description CPU 88 
introduction INTR 10 
use STOR 3 
A-register, B-register and ALU CPU 88 
A-register display 
dataflow CNSL 16 
indicators (lower roller) CNSL 14 
AB backup REC 11 
AB retry (ABRTY) REC 11 
ABM array card. 16 and 32k STOR 26.1 
ABM storage decodes STOR 32.1 
ac (automatic configuration) REC 18 
ac cable, IFA/2319 IFA 98 
ac/dc module, removal and replacement 
Models FED—-I PWR 58 
_. Models H2-K2 PWR 127 
ac (voltage) 
blowers 
Models FED-1 PWR8 
Modets H2-K2_ PWR 100 
convenience outlets 
Models FED-I] PWR8 
Models H2~K2 PWR 104 
distribution 
Models FED—I. PWR 8 
Models H2-K2 PWR 104 
ACB 
control circuits CPU 37 
examples CPU 36 
register description CPU 35 
settings CPU 35 
accelerate latch CPK 45 
accessing (storage) STOR 3 
active cap 
adjustment PWR 52 
bias voltage check PWR 54 
check PWR 52 
ripple check PWR 54 
addition of external storage STOR 107 
address 
adjust (see OS/DOS compatibility) 
adjust, introduction. INTR 1! 
buffercard STOR3 | . 
check boundary (see ACB)" i £4 
. checking (SAR) STOR 22 © 
"compare control,’ switch CNSL 32 
; compare, switch <CNSL 18 
compare switch, tgi¢‘diagram CNSL 18 


mid formation, ext t control word © MIC 16 
matk sashes “S 


7AM biyter” IPA i7 : 
- \" detect logic “HFA'17- 2 
£. <détecrtiming: IFAI82 


i détéetion “IFA RG W828 AL Ge 






address, mark (continued) 
restart IFA 17 
syncbyte {[FA17 
address-in CHNL 4 
address interface (storage) 
advanced bi-polar STOR 29 
phase 21 . STOR 28 
address-out CHNL 4 
address translation CPU 139 
addresses trap (retry) REC 15 


addressing 

BSM STOR 22 

local storage scoping Eerie CPU 17 
adjustments ; 

active-cap PWR 52 e 


data separator IFA 15 

delay line IFA 15 

error detector IFA 15 

gate generator IFA 15 

MG output voltage 
Models FED—I PWR 56 
Models H2—K2 (see 3047 Power Unit TM) 

MG regulator overvoltage 
Models FED-1 PWR 55 
Models H2—K2 (see 3047 Power Unit TM) 

regulators, power service checks 
Madels FED-I_ PWR 50 
Models H2-K2 PWR 124 

reset pulse PWR53 - 

singleshot VFO IFA 15 

storage STOR 73-75 

zero detector IFA iS 

adr comp match, indicator -CNSL 6 
adr X-late 

LRU invalid, indicator CNSL 5 

multi-match, indicator CNSL 5 

mode, indicatof ' CNSL 5 

no match; indicdtor CNSL 5 


“advance head trap IFA 77 


advanced bi-polar address and data interface 
(illustration) STOR 18 


" advanced bi-polar BSM-ECCL-CPU interface 


(illustration) STOR 18 


advanced bi- polar control lines 
BSM reset STOR 26 
BSM select ., STOR 26 
machine reset’ - Ne we 
write (U/L) STOR 

advanced bi-polar storage re os 
addressing configuration STOR a2 
boards. STOR 106 
bpat®pins STOR 102 

SDR card STOR 105 

write timing STOR 110 


advanced checkpoint/restart REC 26 
aids (see service aids) 
.; alarm 


audible CPK 61 
i dicator _CPK 6. 
reset switch — “CPK 6 


toot 


ALD references (power) 
Models FED-I PWR6 
Models H2—K2 PWR 102 
allow CE mode, switch IFA 86 
alter/display 
mode indicator CPK 6 
operations CPK 54 
switch CPK 6 
ALD references (power) 
AM (address mark) bytes IFA 17 ; 
AM (asynchronous machine check logout mask) REC 17 
analysis, machine check REC 24 
arithmetic and logic unit (ALU) 
description CPU 93 
gating (A/B) CPU 91 
introduction INTR 10 
K-assembler CPU 92 
shift gating CPU 92 
arithmetic control word 
byte operation’ MIC 76 
description MIC 68 
fullword 
bit format MIC 70 
indirect byte operation MIC 78 
Operation MIC 80 
shift operation MIC 82 
type 10 bit format MIC 70 
type 11 bit format MIC 70 
arithmetic word types(ABCK) MIC 70 
array card population chart (PF) STOR 9 and 67 - 
array card storage elements (illustration) STOR 10 
array card structure STOR 26.1 
array cards (PF) STOR 68 
array module STOR IS .. 
array module and chip selection (phase 21) STOR 15 
assembler instructions MIC 70 
attachment, 3210 PR-KB CPK 14 
attachment, 3215 PR-KB CPK 33 - 
attention (siatus bit 0) CPK 61 
autotransformer (WTC) 
Models FED-1 PWR 8 
Models H2—K2 PWR 104 


B(backup) REC18 © + i 4+ 
B-byte assembler CPU90.)... — 
B-gate layouts STOR 4° #2:1: 
B-local storage, data flow :CPU' 14 
B-LS source direct address _ CPU 15 
B-register 

description. CPU 98.041 4 

introduction -INTR 10: +; 

use STOR 3 22.0 ote 
backup and retry registers. < 
introduction INTR 10 
use REC 10. 





~ backward seek. test... IFA 94 
2 cae wet ot aabeper 


.¢ control dams execution! 4FA 40 
* data command execution IFA 41 — 


basic (continued) 
IFA operations IFA 35 
logic symbology REF 4 
basic BSMs STOR7 
basic diagnostic group (storage) STOR 70 
bias voltage 
amplitude PWR 15 
check PWR 67 : 
tipple amplitude PWR 15 
tipple frequency PWR 15 
waveform (waveshape) PWR 15 
bias voltage supply description PWR 15 
bit assignments, [FA externals IFA 11 
bit cell , 
(illustration) STOR 16 
operation (phase 21) STOR 16 
selection (description-phase 21) STOR 23 
bit count appendage (BCA) IFA 24 
bit ring logic IFA 19 
bit ring timing IFA 19 © 
bit select (BS) STOR 16 
block-multiplexer channel 
charts, objectives CHNL 98 
Operations CHNL 89 
selector channel INTR 17 
semidynamic UCW address assignment CHNL 92 
shared UCW assignment CHNL9! 
store/load UCW traps CHNL 95 
UCW 
address pointer tables CHNL 92 
assignment CHNL9I ; 
assignment registers CHNL 92 
pool CHNL 93 
blower troubleshooting aid PWR 64 
blowers 
ac : 
Models FED-1 PWR8 
Models H2-K2 PWR 104 
off, switch CE3 
location PWR 28 
description PWR 29 
- off, switch (Models H2~K2) PWR 110 
removal and replacement 
Models FED-I PWR 59 
"+ Models H2-K2 PWR 128 
board decoupling capacitors PWR 22 
board select STOR 15 
branch and link control word example MIC 34 
branch and link or return word 
re bit format MIC 32°. 
~ i description MIC 30 
_.~ pranch and module switch: 
“oy bit format MIC 19 
/"--* description MIC 18: 
example MIC 20 
branch word . ¢ 


eee “bit format | MIC 24 


ip ict « qeseription: MIC 22 
gx.» example MIC 26 
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branch word, special module switch function MIC 28 
branch symbols. coritrol word MIC 89 : a> 
branching circuits ¢microprogtam)' CPU 104 ; 
-BSM addressing (advanced bi:pblar) 
_ address arid'control interface (text and lustation) ‘st OR 26 
address cornitrol lines, chart’ ‘STOR 26 F i 
address flow example “STOR:27°° He, 
addressing‘circuits STOR25. °° 
addressing illustration STOR’ 25 ' one 
BSM decode’ STOR 25 °° 
BSM decode chart (PF storage ‘iattie) STOR 25 
BSM clock STOR 19 ; 
BSM configuration (addressing and data) 
advanced bi-polar storage STOR 29 
phase:2] storage STOR 28 
BSM data flow . 
advanced bi-polar 
description STOR 42 
illustration STOR 42 
advanced bi-polar data-bit location chart STOR 43 
data and check-bit cabling : 
advanced bi-polar STOR 42 
phase 21 STOR 40 
phase 21 
data-bit location chart. STOR 41 
description STOR 40° 
illustration STOR 40 
BSM-ECCL-CPU interface (phase 21) STOR 17 
BSM-ECCL data flow (description) STOR 19 
BSM functions STOR 19 
BSM interface timing. charts 
advanced bi-polar STOR 36 
phase 21 STOR 36 
BSM internal timing. charts 
advanced bi-polar STOR 39 
phase 21 STOR 38 - 
BSM terminators STOR 3 
BSMs 
addressing STOR 22 
addressing ranges STOR 4-6 and 6.1 , 
advanced bi-polar STOR 10 2 
artay cards 
phase 21 STOR 8 
population chart (advanced bi-polar) STOR 9 
bit capacity STOR 7 
board layout STOR 10 
board select STOR 22 
cabling (data and check bits) STOR 40-42 
comparison {phase 21 to advanced bi-polar) STOR 7 
conceptual STOR 11-12 
configurations STOR 28-29 
CPU STOR 8 
data bit location chart STOR 41 
data flow STOR 40-42 
interface STOR 28-29 
interface timing STOR 36-37 
internal timing STOR 38-39 
locations STOR 4-6 and 6,1 
phase 21 STOR 2 : 
power frame (PF) STOR 9 
sizes 
advanced bi-polar “STORY 
phase 21 STOR 8 
terminator STOR 11-12. 





buses (power) 


buffer register (MB). CPU, 103 

bulbs (see indicators). | 

bulk voltage : 
amplitude PWR. 14, : 
check . PWR 66 . cee ymety gies Se 
description sah ae ye 
tipple Lays 

amplitude. BWR 14. = 

_ frequency PWR, 14. aM ; aa 

table PWR 14 oe . rey, 
troubleshooting . PWR. 66 et Tf 
waveform (waveshape): PWR.14 

bulk voltage supply description. ‘PWR 14 

burst mode (see channel) 

busin’ CHNL 4 

bus-out CHNL 4 

bus-c#t check (PR-KB) CPK. 62 


flat-wire 
Models FED-I PWR3 oom 
Models H2—K2 “PWR 198 
U laminar 
Models FED-I. na R3 
Mode!s H2—K2 PWR 108° 
- voltage measurement charts" 
Models FED—I_ PWR 46 





buses (storage) 


SDBI STOR 3 
SDBO STOR3 
busy ; 


circuit (phase 21, ABM) STOR 94 
indicator (ECC check) CNSL5 
status bit(PR-KB) CPK62 — 
BYTDST REC 11 
byte assembler 
A CPU 89 
B CPU 90 
byte counter 
console file CFA 15 
indicator CNSL7 
use IFA 22 
byte count logic, FA IFA 22 
byte-mark register 
description STOR 48 
second-level diagram STOR 48 
byte-mark register (storage) STOR 48 
byte marks STOR 48 
byte multiplexer channel (MPX) 
catalog numbers .CHNL 37 
channel log REC 20 
channel machine dependent log REC 20 
command chaining CHNL 43 
CSW store CHNL 34 
’ data chaining CHNL 43 
data handling CHNL 21 
ending procedure CHNL 31 


ending status and interruption handling CHNL 30 


error handling and logout CHNL 37 
error logout CHNL 38 

external facilities CHNL 15 
functional units CHNL 13 — 

halt device’ CHNL 22 

halt I/O CHNL 22 


ee RSE ring es rear Eby ti 
byte multiplexer. channel (MEX) (esntinuday #4! 
“ ¥/O device and UCW addressing CHNE 12 
initial selection routine HNL 26 
interface control check CHNL 26 
interruptions Ay 
normal primary ending status ‘CHNL 32 
normal secondary ending status CHNL 33. 
program-controlled:interrypt (PCD CHNL 35 
IPL (Initial program load) HNL 45 
local storage CHNL 18 
logout CHNL 36 Leis 
MBI (multiplexer bus-in) .- CHNE 15° 
~ MBO (multiplexer bus-out) - CHNL 15 
MTI (multiplexer tags-in)- CHNL 15 
MTO (multiplexer tags-out) CHNL 15 
operations CHNL 19 
second-level diagram CHNL 16 
share trap 
data handling CHNL 21. 
request CHNL 28 
start 1/0 (SIO) 
- description CHNL‘22 
detailed flowcharts CHNL 24 
Status interrupt CHNL 31 
stop after log CHNL 36 
store and load PSW CHNL 44 
test channel CHNL 42 
test 1/0 (TIO) CHNL 22 
unit contro] word format CHNL 13 
byte-multiplexer channel interruption CHNL 33 
byte selection(SDBO) CPU8 


C-register 
description CPU 98 
force IFA 30 ; 
introductiza  INTR9Y 
use STOR3 
cable 
ac IFA 98 
mixer board dc IFA 98 
R/W coax and selected IFA 98 
simplex IFA98 — 
cancel 
key (PR-KB) CPK 6 
latch (PR-KB) CPK 15 
CB trip, indicator 
Models FED—I PWR 28 
Models H2~K2 PWR 110 
CBs PWRé6-11 
CCW entry and decode IFA 45 
CD (time-of-day clock damage) REC 18 
CE (customer engineer) 
error light IFA 86 
mode indicator IFA 86 
CE panel 
IFA/2319 IFA 86. 
sequence 
Models FED—I PWR 28 
Models H2—K2 PWR 110 


3145 TM X-2 


CF commands: CFA vii ¢+ 
CF pwr on, indicator CNSL 6- 
CFDAR register--: + ae) 
description «CFA 6 
use CPU 34 
chaining check (PR. KB) eK 61 
channel : 
address word (CAW) CHNL 3 
available interruption CHNL 89 
- block multiplexer CHNL 89 
burst mode 
defined CHNL 2 
operation CHNL 9 
busin CHNL 4 
busout CHNL 4 
byte-mode operation CHNL9 
byte-multiplexer data flow CHNL 10 
check handler routine REC 23 
clear 1/0 CHNL 3 
command word (CCW), defined CHNL 3 
commands for IFA IFA 8 
commands for PR-KB CPK 60 
configurations CHNL 2 
control check (PR-KB) CPK 61 
control words CHNL 3 
data check (PR-KB) CPK 61 
datarates INTR 16 
dependent logout REC 20 
end (CE, status bit 4, PR-KB) CPK 61 
general description 
block-multipiexer feature INTR 17 
byte-multiplexer. INTR 16 
data rates. INTR 16 
integrated file adapter INTR 17 
selector INTR 16 
halt device (HDV) 
multiplexer CHNL 22 
. selector CHNL 68 
halt I/O (HIO) 
multiplexer CHNL 22 
selector CHNL 68 
ID 
IFA IFA4 
multiplexer CHNL 36 
selector CHNL 77 
identification REC 19 
indirect data address 
block-multiplexer CPU 170 
byte-multiplexer CPU 170 
CIDA backup control CPU 172 
controls CPU 171 
IFA addressing CPU 172 
page end detection CPU 171 
selector CPU 170 
selector channel addressing CPU 172 
initial selection sequence CHNL8 
instructions CHNL 3 
interruption, available CHNL 89 
introduction CHNL 2 
logout 
multiplexer CHNL 36 
selector CHNL 77 


channel (continued) 


mark O-in CHNL 4 
metering controls CHNL 6 
multiplexer mode CHNL 2 
retry 
description REC 10 
introduction INTR 14 
selection controls CHNL 4 
sequence codes 
multiplexer CHNL 36 
selector CHNL 37 
shortCSW CHNL 26 
standard interface CHNL4 
status byte (PR-KB) CPK 61 
status bytes(IFA) IFA 74 
status word (CSW), defined CHNL 3 
tags:in CHNL 4 
tags‘out CHNL 4 
test 1/0 (TIO) 
multiplexer CHNL 22 
selector CHNL 65 
unit control word 
multiplexer CHNL 13 
selector CHNL 50 


channel checks CHNL 71 
channel indirect data address CPU 170 
channel logout 


multiplexer CHNL 36 
selector CHNL 77 


channel-to-channel adapter feature (CTCA) 


address compare and data flow X FEAT 28 
controlcommand FEAT 20 

controls CNSL 36 

data flow FEAT 20 

description FEAT 20 

disable and compatibility. FEAT 29 
functional units FEAT 28 

halt {0 FEAT 27 

1/O interface isolation FEAT 26 

no operation FEAT 23 

on-line/off-line modes FEAT 26 
operational characteristics FEAT 20 
programming notes FEAT 27 

read or read backward FEAT 23 

select priority, mode selection and bypass FEAT 29 
selection and reset X FEAT 28 

sense adapter state FEAT 23 

sense command byte FEAT 23 

sequence and control X FEAT 28 

status, sense, and input B bus-in X FEAT 29 
system or selective reset FEAT 24 

test 1;O FEAT 23 © 

write FEAT 23 

write end of file FEAT 23 


charts 


address control lines : 

advanced bi-polar STOR 26 

phase 21 STOR 23 
array card population advanced bi-polar STOR 67 
BSM decode chart advanced bi-polar STOR 25 
vs data-bit location 
advanced bi-polar STOR 43 


check, bit and error correction (at ECCL board) STOR 50 


charts (continued) 
phase 2E STOR 41 
segment addressing chart phase 21 STOR 22 
syndrome decoder STOR 52 
system storage capacities STOR 2 


check 
chaining 
channels CHNL 71 
PR-KB CPK 61 


channel control 
channels CHNL 71 
IFA IFA 74 
PR-KB CPK 61 
channel! data 
channels CHNL 7] 
IFA IFA 74 
PR-KB_ CPK 61 
console-file data 
even-odd CFA 14 
extra bit CFA 14 
out-of-sync CFA 14 
missing bit CFA 14 
shift register CFA 14 
data parity (PR-KB) CPK 43 
flush through 
external CPU 10 
local storage CPU 29 
GB parity CHNL 85 
hardware (storage) 
address STOR 72 
byte STOR 72 
data. STOR 72 
hardware check STOR 71 
store control line parity STOR 72 
interface control 
channels CHNL 71 
IFA IFA 75 
PR-KB CPK 61 
machine REC 8 
multiplex CHNL 37 
power (see power checks) 
print emitter sync CPK 43 
program 
channels CHNL 71 
IFA IFA 74 
PR-KB_ CPK 61 
protection 
channels CHNL71 
IFA IFA 74 
PR-KB_ CPK 61.» 
tetry REC 10 os 
service - 
CPU (clock) CPU 100° 
console file CFA 18 
delay line adjustments (storage) STOR 73-75 
PR-KB (see PR-KB Theory-Maintenance Manual) 
timing (storage) STOR 73-75 
unit IFA 74 
check bit and error correction chart STOR 50 
check-bit correction, description STOR 54 


"check bit examples STOR 83 


_checking circuits 
first sequence Models FED—I 
“ stage'l PWR 40 


checking circuits, first sequence (continued) 
stage 2 PWR 42 
first sequence Models H2--K2 
stage] PWR 118 
stage 2 PWR 120 
second sequence Models FED—I 
stage 1 PWR41 
stage 2 PWR 43 
second sequence Models H2—K2 
stage] PWR 119 
stage 2 PWR 121 
checkpoint/restart REC 26 
check reset (CK reset, CE2) switch 
description 
Models FED—-I PWR 29 
Models H2~K2 PWR 112 
location — 
Models FED~I PWR 28 
Models H2-K2 PWR 110 
chip (selection) STOR 15 
clock 
comparator (see clock comparator and CPU timer) 
CPU (see CPU clock) 
damage REC 18 
IFA 
logic IFA 16 
share cycle logic IFA 31 
timing IFA 18 
logic diagram, storage STOR 30-31 
Stop, indicator CNSL 6 
storage STOR 22 
sync, indicator CNSL 4 
time-of-day (see TOD clock) 
clock comparator and CPU timer 
instructions FEAT 31 
manual mode conditions FEAT 36 
set and manual operations FEAT 35 
store operations FEAT 34 
timer hardware FEAT 32 
timer operation FEAT 31 
update operation FEAT 33 
clock-out CHNL 5 
CM (configuration report mask) REC 17 
emnd reg indicator CNSL7 
cntr match, indicator CNSL 7 
codes 
printer tilt/rotate (T/R) CPK 8 
T/R and keyboard, table CPK 9 
translation, 3210 PR-KB CPK 10 
3210 keyboard CPK7 
3210 transmission CPK 9 
colon 
printing the punctuation character 
3210 CPK 11 
3215 CPK 31 
command chart, console file CFA 12 
command execution 
IFA controlemd IFA 40 
IFA-datacmd -IFA 41 
command-out . CHNL 4 
command reject Sp Re aeny 
TFA IFA 460 <2» 
-PR-KB. CPK 62. 


command retry 
I/O interface sequence CHNL 80 
introduction INTR 14 
operation REC 10 
command retry feature CHNL 80 
common region, 1400 compatibility FEAT 4 
comparator, clock (see clock comparator) 
compare circuits IFA 26 
compatibility exceptions INTR 14 
compatibility feature, 1400/1410 
ANUM instruction FEAT 11 
’ BIFLAG instruction FEAT 12 
common region FEAT 4 
COMP instruction FEAT 11 
control byte charts FEAT 10 
control storage assignment FEAT 2 
DIL and BDIL instruction FEAT 10 
EA instruction FEAT 10 hes 
local storage assignment FEAT 2 
main storage assignment FEAT 2 
MCPU instruction FEAT 11 
MJO instruction FEAT 11 
op-code chart 1401/1460 FEAT 6 
op-code chart 1410/7010 FEAT7 
op-codes, 1440 FEAT 8 
program debugging inforamtion FEAT 12 
compatibility feature 1401/1440/1460 FEAT 2 
compatibility feature 1410/7010 FEAT 2 
component 
labeling (component Id) 
Models FED-I PWR 3 
Models H2-K2 PWR 100 
locations . 
Models FED-I PWR 5 
Models H2-K2 PWR 102 
removal 
Models FED—1 PWR 57 
Models H2-K2 PWR 126 
replacement 
Models FED-I PWR 57 
Models H2—K2 PWR 126 
component locations 
Models FED-I PWR6 
Models H2-K2_ PWR 102 | 
condensed data flow, 3215 CPK 33 
condition code validity REC 18 
configurations 
advanced bi-polar STOR 82 
BSM 
: address and control interface STOR 28-29 . 
basic STOR 7 
PR-KB CPK 3 
- 3145 STOR 80 
3345 STOR 80 
console file 
adapter CFA 2. 
byte control CFA6 
‘byte counter description CFA6 . 
’ byte counter indicator .CFA IS 
byte format CFA4 ° 
CFDA track/selector table CFA 4 


* Glock EAS ; 
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console file (continued) 
command byte, CFA 4 9 cae era arn, 
~ ‘command chart CFA {2 ht a* 
command register. 
description CFA6--. 0 en 
indicator CFA 15 paper a ee 
commands CFA II : 
compare circuits CFA6 ; 
control commands CFA 1 . 
CPU clock start CFA IS 
data and clock bit timing CFA 4 
data byte CFA4 
data checks CFA 14 
dataflow CFA 1 
data register (CFDR) CFA6 
disk address byte CFA 4 
disk-address register CFA 15 
_. disk address register(CFDAR) CFA6 
|. disk format CFA4 
etror checks CFA 14 
even-odd check CFA 14 
-extra bitcheck CFA 14. 
head control and track accessing CFA 6 
IMPL example CFA 16 
indicators CNSL 7 
introduction CFA 2 
operation commands CFA 11. : 
out-of-sync: missing bit check CFA 14 © 
pause. CFA 15 
register. display switch CNSL7 
registers, indicators CNSL7 
removal and replacement CFA 18 
sector format CFA 4 . 
. sector ready latch CFA 10 
shift register 
description CFA 6 
parity error CFA 14 
timing CFA9 “ 
timing charts, shift register CFA9 
voltages . 
stage 1 . PWR 47 
stage 2 PWR 49 
console-file register display CNSL 31 
console layout CNSL 2 
continuing scan commands. IFA 70 
control address set. key . CNSL 32 
control and data flow (PR-KB) 
3210 CPK 15 
3215 CPK 34 
control command execution IFA 49 
control commands IFA 50 
control. data transfer (PR-KB) CPK 49 
control keys and indicators CPK 6 
control mode (see extended control mode) 
control. new line, 3210 CPK 23 
control panel (see CE sequence panel) 
control. read ‘write cycle. 3210 RS 23 
control register 
assignments CPU 106 
decodes, I-cycles CPU 64 
description CPU 106 
machine check REC 17 
valid REC 18 


control register (continued): **’ 


+ 0 CPU107. 
2 CPU 107 
8 


bit assignment CPU 107 . 
uses CPU 130 oe 
-14(CR 14) REC 17 
15(CR 1S) REC 17 
3210 CPK 15. 
-° 3215 . CPK 33 
control, stepper motor CPK 44 
control storage 
IFA assignments IFA 12 
physical description STOR 19 
control-unit end (status bit 2, PR-KB) CPK 61 
control word 
access MIC 4 
address generation MIC 12 
bit definition 
arithmetic indirect byte MIC 73 
arithmetic type 10 byte MIC 70. 
arithmetic type 10 fullword MIC 71 
arithmetic type 11. MIC 72 
branch and link or return word MIC 32 
branch and module switch MIC 19 
branch word MIC 24 
indirect byte MIC 73 
storage word (K-addressable) MIC 50 
storage word (non K-addressable) MIC 43 
word-move word MIC 40 
branch MIC 24 © 
branch and link or return word + MIC 30 
branch and module switch MIC 19. 
branch symbols MIC 12 
descriptions MIC 15 
examples 
arithmetic, byte operation MIC 76 
arithmetic fullword MIC 80 
arithmetic indirect byte . MIC 75 
arithmetic, indirect-byte operation MIC 78 
arithmetic, shift operation MIC 82 
branch and link MIC 34 
- branch and module switch MIC 20 
branch word, set/reset function «MIC 26 
branch word, module switch function MIC 28 
return word MIC 36 
storage read halfword MIC 52 
storage word, direct control MIC 60 
storage word, store *-nder mask and 
dec ment count MIC 64 
storage word, TB function MIC 56 
word-move word MIC 42 
functions MIC 15 
next address generation MIC 12 
stat set symbols MIC 84 
storage word MIC 44 
storage word forms MIC 46 
types MIC 15 
word-move word MIC 38 
controls and indicators 
power 
Models FED—I_ PWR 28 
Models H2—-K2 PWR 110 


‘controls and indicators (continued) 


PR-KB keys (switches) CPK 6 
system control panel (see CNSL section) 
convenience outlet voltages 
Models FED-1 PWR 8- 
Models H2-K2. PWR 104 — 
conversion 
emitter pulse CPK 40 
power PWR 8 
cooling 
Models FED-I PWR 3 
Models H2-K2 PWR 100 
core (see storage) 
correction 
check-bit STOR 54 
count controls IFA 22 
count externals IFA 22 
count field IFA 22 
counter decode IFA 22 
counter logic IFA 22 
counts 
PE timing pulse CPK 41 
print emitter timing CPK 41 
retry REC 12 
single-bit STOR 52 
CPU 
A and B gate voltages 
Stage 1 PWR 46 
stage 2 PWR 48 
ac distribution PWR 8 
ac-to-de conversion 
Models FED-I PWR 10 
Models H2—K2, stage 1 PWR 105 
Models H2—K2, stage 2 PWR 106 
BSM (interface) STOR 17-18 
configuration INTR 13 
cycle times (see CPU clock) 
dependent logout REC 19 
external word CPU 34 
frame electrical components 
Models FED-I PWR6 
Models H2-K2 PWR 102 
gate labeling 
Models FED—I PWR 10 
Models H2-K2 PWR 102 
hardware CPU 103 
high priority CPU 42 
identification REC 19 
independent logout REC 18 
indicator CNSL 4 
indicator (power check) 
Models FED-I_ PWR 28 
Models H2-K2 PWR 110 
status, indicators CNSL 6 
thermal checks PWR 69 
CPU ac-to-dc conversion 
Models H2—K2, stage 1 PWR105 . 
Models H2--K2, stage 2 PWR 106 
stage 1 PWR 10 
stage 2 PWR 11 
CPU clock 
card locations CPU 100 
checks and adjustments CPU 100 
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CPU clock (continued) 
delay card’ plugging CPU 101 | 
start indicator CNSL7° ~ 
CPU dc outputs for A- and ‘B-gates, stage 1 
Models FED-! PWR 46 
Models H2-K2 PWR 124 
CPU dc outputs for A-gate, stage 2 flat-wire bus version 
Models FED-I PWR 48 
Models H2-K2 PWR 124 
CPU dc outputs for A-gate, stage 2 U laminar bus version 
Models FED-I_ PWR 48 
Models H2-K2. PWR 124 
CPU dc outputs for B-gate main storage 
Models H2-K2 PWR 124 
stage 1 PWR 46 
stage 2 PWR 48 
CPU diagnostic hardware 
block A local storage DIAG 20 
enable generate address DIAG 28 
enable generate controls. DIAG 28 
invert Z-reg parity bits DIAG 20 
stop on machine check DIAG 20 
CPU select pulse 
adjustment STOR 73 
description STOR 33 
ECCL board Tp relationship STOR 33 
CPU storage STOR 2 
CPU to ECCL interface (advanced bi-polar). STOR 18 
CPU timer (see clock comparator) 
CPURTY REC Il 
CR (control registers valid) REC 18 
CS adr, indicator CNSL6 
CSW CHNL3 
cycle control, 3210 read/write CPK 22 
cyclic check IFA 25 
controls IFA 24 
logic IFA 24 © 
cyclic-code 
hardware register IFA 25 
register IFA 24 
cylinder 
address register test IFA 29 
concept IFA 4 
select switch IFA 86 


D-register 
description CPU 95 
introduction INTR 10 
damage © 
external REC 18 
instruction processing REC 18 
interval timer REC 16 
report REC 8 
report mask REC 17 
system 
machine check interrupt REC 16 
subclass REC 18 


damage (continued) 
time-of-day clock 


mach:: e check interrupt REC 16 


subclass REC 18 
timer REC 18. 
DAT (see dynamic address translation) 
data 
bit location chart STOR 41 
check STOR 72 
command execution IFA 41 
field IFA 6 
indicator CNSL7 
late CPK 47 
length(DL) IFA6 
parity check (PR-KB) CPK 43 
parity control IFA 23 
rates channels INTR 16 
records IFA? 
registers, 3215 CPK 33 
request controls IFA 28 
storage IFA 4 
transfer clock IFA 26 
data and check bit cabling STOR 40-42 
data and control registers, 3210 CPK 15 
’ data chaining (illustration) STOR 18 
data flow 
basic IFA IFA 4 
condensed, 3215 CPK 33 
ECCL data flow STOR 21 
fetch operation STOR 59 
storage 
fetch operation STOR 59 
main storage-to-ECC STOR 21 
read description’ STOR 46 
store operation STOR 61 
write description STOR 46 
store operation STOR 6} 
3145 INTR7 
3210 CPK 15 
3215 CPK 34 
data handling routine CHNL 31 


data-in (interface line) 
description CHNL4 
introduction. INTR 15 
data interface (storage) 
advanced bi-polar STOR 29 
phase 2f STOR 28 
data-out (interface line) 
description CHNL 4 
introduction INTR 15 
data-transfer control 
IFA IFA 23 
PR-KB CPK 49 
de profile PWR 65 


dc voltage 
adjustments 
Models H2~K2. PWR 124 
stage 1 PWR 46 : 
stage 2 PWR 48 
checks (see power checks) 


dc voltage (continued) 
conversion 
CPU PWR 10 
CPU (Models H2-K2), stage 1 PWR 105 
CPU (Models H2—K2), stage 2 PWR 106 
PF PWR 12 
PF (Models H2—K2) PWR 107 
distribution 
CPU PWR 10 
CPU (Models H2—K2) stage 1 PWR 105 
CPU (Models H2—K2), stage 2 PWR 106 
PF PWR 12 
PF (Models H2-K2) PWR 107 
indicators (regulator) 
Models H2—K2 PWR 110 
stage} PWR 28 
stage 2 PWR 30 
measurements 
Models H2-K2 PWR 124 
stage } PWR 46 
stage 2 PWR 48 
profile. PWR 65 
tipple check PWR 66 
service checks 
Models H2~K2 PWR 124 
stage 1 PWR 46 
stage 2 PWR 48 
decode CCW entry . IFA 45 
delay line 
adjustments and checks. STOR 73-75 
description STOR 19 
delay line cards 
card No.1 STOR 73-75 
cardNo.2 STOR 73-75 
TD jumpering examples STOR 73-75 
delay lines 1 and 2 card layouts STOR 73-75 
delta 200 ns index IFA 32 
dependent logout REC 19 
destination addressing (LS) CPU 11 
destination control diagram EXPLS CPU 28 
destination look ahead (L/S) CPU 11 
device-end (DE status bit 5 PR-KB) CPK 62 
diag (external word) CPU 34 
diag stop, indicator CNSL 4 
diagO register DIAG 12 
diag! register DIAG 15 
diagnose instruction 
control storage full-recording mode REF 7 
control storage threshold mode REF 7 
control storage quiet mode REF 7 
load patch words REF 7 
main storage 
full-recording mode REF 7 
quiet mode REF 7 : 
PSW restart REF 7 
diagnostic addresses 0-6 IFA 11 
diagnostic control SAR | DIAG 21 
diagnostic/console-file controls rotary switch . CNSL 28 
diagnostic hardware 
ABRTY group 1 DIAG 15 
ABRTY group 2. DIAG 22 
ABRTY group 3 DIAG 26 
~ diagnostic parity DIAG 18 


diagnostic hardware (continued) 
diagnostic ripple DIAG 19 
early delay function DIAG 26 
general information DIAG 2 
inhibit print DIAG 38 
matrix printer lines to TI DIAG 37 
MPX diagnostic control DIAG 17 
PE envelope 
diagnostic indicators IFA 11 
diagnostic key DIAG 12 
diagnostic local storage assignment DIAG 35 
diagnostic procedure (MST regulators) PWR 66 
diagnostic registers DIAG 12 
diagnostic service signal (GA, A>, KOD) DIAG 32 
diagnostic strobe CPK 18 
diagnostic tests 
BABS DIAG 5 
BEA6 DIAG6 
EGE7 DIAG8 
EJDS DIAG 33 
IFA inline 
indicators IFA 87 
test decode IFA 88 
trap IFA 74 
unsafe condition test IFA 91 
diagram legend IFA 34 
direct byte addressing definition MIC 16 
direct control feature 
data flow and controls FEAT 17 
flow chart, write and read direct FEAT 18 
general information FEAT 14 
interface lines FEAT 14 
read-direct instruction FEAT 14 
signals originating outside the CPU FEAT 16 
signals originating within the CPU FEAT 15 
timings FEAT 19 
write direct instruction’ FEAT 14° 
direct word addressing definition MIC 16 
disconnect in (interface line) - 
description CHNL 4 
introduction INTR 5 
disk adr reg, indicator CNSL7 
disk drive, 23 FD CFA2 
disk pack, IFA/2319 IFA 4 
disk speed diag test IFA 90 
disk storage select logic IFA 33 
display assembler out indicator CNSL 12 
display, key ©.CNSL 32 
display operations CPK 54 
DK-register (EXPLS-7C) CPU 22 
DOS 
error-recovery procedures REC 25 
recovery management support REC 24 
restart facilities REC 26 
RMS REC 24 
DOS-checkpoint/restart. REC 26 
DOS-emulator (see OS/DOS compatibility) 
double-bit error isolation STOR99 - 
double-bit errors STOR 52 
downshift, (stepper) motor CPK 46 
dual-level 
MST regulator ope ration PWR 21: 
MST regulator purpose PWR 21 


dual-level (continued) 
phase-controlled regulator adjustment and scoping 
procedure PWR 54 
phase-controlled regulator scoping procedure PWR 57 
dual-leve] supply removal and replacement: PWR 32 
dynamic address translation (DAT) CPU 139 
address match 
basic CPU 140 
match-no-match CPU 157 
address paging CPU 142 
basic operation (flowchart) CPU 156 
change bits CPU 150 
control registers 0,1 CPU 148 
develop address CPU 141 
errors CPU 162 © 
exercise CPU 164 
GGST routine CPU 158 
introduction CPU 139 : 
load DAT control reg (flowchart) CPU 149 
load real address CPU 161 
LRU matrix CPU 152 
NP regs CPU 154 
OS/DOS compatibility and DAT active CPU 147 
page number compare CPU 155 
page table entry CPU 146 
real address formation CPU 159 
teference bits. CPU 150 
reset reference bit CPU 162 
segment and page size CPU 144 
segment number compare CPU 155 
segment table entry CPU 146 : 
translation lookaside buffer ae CPU 151 
working reg CPU 153 


EBCDIC 

for 3210 graphics CPK 10 

matrix code translation filt/rotate location table CPK 11 
ECC (error check and correction) 

busy, indicator CNSLS 

check bit and error correction chart STOR $0 

DBL bit, indicator CNSL5 

hdw, indicator CNSL5 

indicators (see CNSL section) 

introduction STOR 3 

‘ logic diagram STOR 49 
‘operation STOR 48 


~ ECCL (see error check and correction) 


ECCL and BSM timing, description STOR 33 
ECCL board layouts 
O1B-A3(CPU) STOR 56 
. 03A-A3 (PF) STOR 57 
ECCL board external (3145/3345). STOR 108 
ECCL check bit and error correction chart STOR 50 


. ECCL compare, error detect, and decode (second level) STOR 49 


ECCL dataflow STOR 21 
ECCL delay lines ; 
advanced bi-polar 
description STOR 35 . 
ECCL board timing chart STOR 35 
«% hardware service aid (FL and ee STOR 35 
second level STOR 35 


3145 X65 


ECCL delay lines (continued) 
phase 21 3 
description STOR 34 - t 
ECCL board timing chart STOR 34 
. second level STOR 34 
ECCL to BSM interface (advanced bi-polar) STOR e 
ECCL-to-ECCL interface. STOR 18 
ECCL to storage interface (phase 21) STOR 17 , 
ED (external damage) REC 18 : 
EM (external damage report mask) REC 17 
emergency power off 
emergency pull switch CNSL 35 
EPO sequence PWR 38 
function 
Models H2—K2° PWR 113 
stage 1 PWR29° 
“stage 2 PWR 31 
mechanical reset PWR 38 
operation CNSL 35 
3047 (see 3047 Power Unit Theory-Maintenance Mane): 
emitter pulse conversion CPK 40 : 
enable system clear, key CNSL 32 
end switch (PR-KB) CPK 6 
ending an alter/display operation CPK 54 
ending operation IFA 74 
ending sequence IFA 76 ; 
environment recording edit and print program REC 2 
EPO PWR 38 
EPSWA external CPU 34 ~~ 
equipment check (PR-KB) CPK 62 
erase command IFA 57 
erase gate. IFA 27 
EREP REC 26 
error 
detector, IFA VFO IFA 14 
disable switch IFA 86 
display. IFA 2319 IFA 86 
handling 
channelretry INTR 14 
command retry INTR 14 
detection STOR 20 
error checking and correction(ECC) INTR 14 
handling STOR 20_ 
introduction REC 2 
logging STOR 20 
microprogram instruction retry 
description REC 9 
introduction INTR 14_ 
error check and correction 
comparison and error correction, description STOR 48 
data flow STOR 2} 
data flow concept’ STOR 48 
description STOR 48 
ECCL check bit and error correction chart STOR 50 
_ functional areas, description STOR 48 
_ tread and write generators. description STOR 48 
second level STOR 49 
syndrome decode, description STOR 48 
syndrome decoder chart STOR 52 
error checking and correction (ECC) 
board layout’ STOR 56-57 : 
check bit and error correction chart STOR 50 
check-bit correction STORS4 — 


error checking and correction (ECC) (continued) - 


data flow concepts STOR 48 
double-bit errors STOR 52 
error-type decode STOR 53 
functional areas STOR 48 
introduction INTR 14 
parity correction STOR 52 
tead and write generators STOR 48 
single-bit error correction STOR 52 
single-bit errors STOR 52 
syndrome decoder chart STOR 52 
error correction, description 
check-bit STOR 54 
double-bit STOR 52 
parity STOR 52 
Single-bit STOR52 _ 
error detection, description STOR 52 
double-bit STOR 52 
single-bit STOR 52 
error handling (description) STOR 20 
error isolation, double-bit STOR 99 
error logging (description) STO 20 
error messages (PR-KB) CPK 54 
error override switch (CE2) 
location 
Models H2—-K2 PWR 110. 
stage 1 PWR 28 
stage 2 PWR 30 
description 
Models H2—K2 PWR 112 
stage 1) PWR 29 
stage 2. PWR 31 
error-recovery procedures REC 25 
error retry description REC 8 
error retry timing REC 15 
error trap 
sequence IFA 78 
test IFA 96 
error type decode STOR 35 
error type decoder 
description STOR 19 
se;ond level STOR 53-54 
exe cplt. indicator CNSL6 
execute phase (I-cycles) CPU 82 
expanded external assembler diagram CPU 31 
expanded local storage (EXPLS) CPU 19 
destination control diagram CPU 28 
destinations CPU 27 . 
gating CPU 20 ; 
general information INTR 11 
map CPU 2! 
source gating CPU 23 
source gating diagram CPU 24 
source gating examples CPU 25 
EXTDST REC 11 
extended control mode 
control registers CPU 131 
EC PSW. CPU 131 
feature mask CPU 131 
interrupt codes CPU 138 
permanent storage assignments CPU 134 
PSW interchange CPU 136 
store then mask instructions CPU 138 


extended diagnostic group (storage) STOR 70 


extended interruption information REC 19 
extended: logout. _ 
IFA IFA 75 
length REC 18 
mask REC 17 
pointer REC 17 
external 
address formation MIC 17 
assembler diagram CPU 30 
facilities 
assignment and index CPU 32 
description CPU 29 
general information INTR 13 
external storage considerations STOR 104 
external words (see registers) 
externals 
IFA IFA 1! 
map CPU 32 


F-gate (mixer board) PWR 59 
FA (failing storage address valid) REC 18 
FCH-register IFA 22 
FCL-register IFA 22 
FDR-register IFA 23 
features 

3145 Models GE-I INTR3 

3145 Models H2-K2 INTR4 
fetch operation 

data flow STOR 59 

description STOR 19 
fetch sequence CPU 69 
field-count controls IFA 22 
file data coax IFA 33 
file-data register IFA 23 
file-mask 

algorithm IFA 50 

bit assignment IFA 12 
filter installation precaution PWR 64 
filters 

location 

Models FED-I_ PWR 59 


Models H2-K2_ PWR 128 ——.- - 


removal 
Models FED-I PWR 59 
Models H2-K2 PWR 128 
replacement 
Models FED-I1 PWR 59 
Models H2—K2 PWR 128 
firing circuits, 3215 print magnet CPK 42 
fix, microprogram temporary MIC 85 
flat-wire bus 
Models FED-I_ PWR 26 
Models H2-K2 PWR 108 
floating ground PWR 73 
floating-point registers valid REC 18 
flow charts, IFA 
CCWentry IFA 45 
cylinder address reg test IFA 89 
diag error trap IFA 96 
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flow charts, IFA (continued) 
diag test decode IFA 88 
diag unsafe test IFA 91 
disk speed test IFA 90 
ending sequence IFA 76 
error trap IFA 78 
halt 1/O IFA 84 
index trap IFA 77 
initial selection IFA 42 
interrupt IFA 80 
load IPL IFA 66 
micromonitor control DIAG 35 
_ ead data IFA 65 
readHA IFA 64 
read/write diagnostic IFA 92 
recalibrate IFA S4 
scan IFA 73 
searchID IFA 71 
search KD IFA 73 
search key IFA 72 
seek commands IFA 52 
seek tests IFA 94 
sense IFA 48 
set file mask IFA 51 
space count IFA 55 
storage (see data flow) 
test I/O IFA 82 
writeCKD IFA 60 
write data. IFA 59 
writeHA IFA 58 
flush-through check (FTC) INTR 10 
FM (asynchronous fixed logout mask) REC 17 
FMOD-register IFA 33.’ ; 
FOP-register IFA 21 
force count (odd) 
register L/S CPU 15 
forward operation 
"multiple characters CPK 52 
single character CPK 51 
forward seek test IFA 94 
FP (floating point registers valid) REC 18 
frame ground PWR 72 
FTC register CPU 96 
flow charts (see data flow) 
functional areas (storage) 
address control line chart (phase 21) STOR 23 
addressing circuits STOR 22 
array card logical addressing STOR 22 
array module chip selects STOR 22 
bit-cell selection (phase 21) STOR 23 
board select STOR 22 
BSM addressing (phase 21) STOR 22 
description STOR 22 
SAR address checking STOR 22 - 
storage address register(SAR) STOR 22 
functional operations, description 
fetch 
control storage STOR 58 
data flow STOR 59 
main storage STOR 58 
store 
data flow STOR 61 


functional operations, description (continued) 
operation . STOR 60 
functional units 

A- and B-registers CPU 88 
arithmetic and logic unit CPU 88 
backup and retry registers CPU 103 
C-register CPU 98 

console file (see CFA section) 
console printer-keyboard (see CPK section) 
D-register CPU 95 

expanded local storage CPU 19 
external facilities CPU 29 
H-register CPU 41 

I-cycle hardware CPU 47 

IFA (see IFA section) 

introduction INTR6 

local storage CPU 10 
-M-register CPU 102 

MB-register CPU 103 

N-register CPU 103 

SDBO assembler CPU 8 
SPTL-registers CPU 4 

storage (see STOR section) 

Z-register CPU 94 


GA functions, branch word MIC 25 
GA set/reset functions IFA 13 — 
gap sensor, VFO IFA 14 
gate generator, VFO IFA 14 
gate layouts-storage STOR 4 
gated attention trap. IFA 74 
gating. T} register input 3215 CPK 35 
GCL register CHNL 88 
GDRL(EXPLS) CPU 22 
GDRL register CHNL 88 
general description IFA4 
3145 INTR2 
general information 
power | 
Models FED-I PWR3 
Models H2-K2 PWR 101 
storage 
control storage (size) STOR 2 
CPU models STOR 2 
storage gates STOR 2 
storage sizes STOR 2 
general-purpose registers CPU 16 
general registers(GR) valid REC 18 
generators (storage logic) 
parity-out (description) STOR 19 
read (description) STORI9 
syndrome (description) STOR 19 
write (description) STOR 19 
ground loop check PWR 74 
grounding principles © PWR 74 


H-register 

bit functions CPU 41 

detailed description. CPU 38 

general information INTR 10 
halt device IFA 84 : 

IFA IFA 84 

multiplexer CHNL 22 

selector CHNL 68 
halt 1/O operation IFA 84 

IFA IFA 84 

multiplexer CHNL 22 

selector CHNL 22 
halt word selection (SDBO) CPU 8 
hard machine checks 

interrupts REC 16 

softward recovery . REC 25 
hardware checks-storage 

byte check STOR 72 

data check STOR 72 

hardward check. STOR 71 

storage-control-line parity check STOR 72 
hardware functions, I-cycle CPU 49 
hardware recovery logic REC 3 
hardware test, 3215 CPK 32 
hdw indicator (ECC check) CNSLS5 
head control and track accessing CFA 6 
heads extended control line IFA 97 
heads extended indicator PWR 28 
head-select switch IFA 86 
hightrap IFA74 
HM backup REC 11 


_ HM retry (HMRTY) REC 11 


holdout. CHNL 5 
home-address field IFA 6 
HS (hard stop) REC 17 


Go 

I-buffers, introduction INTR 11 

I-cycles. ¢ 
adder CPU 62 
adder carry logic CPU 62 
address generation CPU 63 

- address generation and control decode CPU 65 
ALD references CPU 56 
align routine 
entry CPU 73 
exit CPU 75 

alignment CPU 54 
alignment (purpose) CPU 74 
branch loop timing chart CPU 80 
calculate operand addresses CPU 54 
control register bits CPU 64 
control register decodes CPU 64 
control-word DFOC (hardware functions) CPU 78 
‘control-word forced functions CPU 64 
CPU low request (during I-cycles) CPU 66 
data flow chart CPU 58 
entry CPU 53 


I-cycles (continued) 
error conditions CPU 66 
fetch sequence CPU 69 
_ functions CPU 48 
further fetch (example) CPU 69 
further fetch sequence CPU 69 
general description’ CPU 68 
hardware — 
control line generation CPU 64 
description CPU 57 
functions CPU 49 
indicator. CNSL 5 
locations CPU 56 
I-buffers CPU 59 
IBU-register CPU 61 
IMM byte register CPU 60 
indicator CNSL 6 
initial addresses CPU 53 
instruction 
RR-ADD instruction CPU 81 
RX-add with double indexing and alignment CPU 83 
RX-execute instruction CPU 86 
SS-MVC instruction CPU 84 
introduction CPU 47 
I-phase/E-phase objectives CPU 52 
I-register CPU 62 
key register CPU 61 
microcode 
control hardware loading of I-buffers CPU 53 
flow charts CPU 53 
hardware functions CPU 50 
micro module assignment CPU $2 . 
op-register CPU 60 
prefetching (example) CPU 69 
perform prefetches CPU 54 
program modification CPU 76 
RR instruction sequence CPU 70 
RX instruction sequence. CPU71 — 
RX, RS, SI instruction sequence CPU 71 
share cycle (during I-cycles) CPU 66 
SS instruction sequence CPU 72. 
storage correction cycle (during I-cycles) CPU 66 
storage fetch operations (examples) CPU 69 
timing chart (1, IBU, TR, updating) CPU 62 
timings CPU 67 
TR-register CPU 62 
U-register CPU 60 
V-register CPU 61 
W-register. CPU 61 
T-register (EXPLS 50) 
description CPU 21 
use CPU 62 
IA (instruction address validity) REC 18 
IBU register (EXPLS-54) 
description CPU 21 
use CPU 61 
ICS-register (EXPLS-56) CPU 2 
IFA 
abbreviation list IFA 3 
adjustments (IFA) 
stage | PWR 47 
stage 2. PWR 49 
basic operations _ IFA 35 


IFA (continued) 


cables 
ac IFA 98 : 
mixer boarddc IFA 98 ; 
R/W coax and selected IFA 98 
simplex IFA 98 

CE panel IFA 86 


channel ID IFA 4 


checks (see check) 
clock and bit ring IFA 18 
commands IFA 8 
configurations IFA 2 
control-storage assignments IFA 12 
data flow IFA 4 
data-flow index IFA 10 
description 
basic IFA4 
power IFA 97 
diagnostic functions 
approach DIAG 44 
CE panel tests DIAG 54 
FAT byte assembler DIAG 46 
GA microword decode DIAG 44 
hardware DIAG 45 
lines and latches gate to diagnostic addresses DIAG 46 
record format DIAG 51-52 
VFO adjustable delay cards (2319-A01) DIAG $3 
wrap tests DIAG 54 
diagnostic indications IFA 1} 
extended log REC 21 
externals 
diagnostic address (FAT) IFA 11 
diagnostic bit assignment IFA 11 
diagnostic FAT assembler DIAG 46 
GA set/reset functions ; 
controls IFA 13 
GA function charts DIAG 44 
halt 1/O operation IFA 84 
heads extended IFA 97 
high priority. CPU 43 
interface, 2319 IFA 98 
interrupt routine IFA 80 
introduction IFA} 
local-storage assignments IFA 12 
low trap CPU 43 
mini-op control IFA 8 
power supplies IFA 97 
sense bytes : 
bus-out parity check IFA 46 
command reject IFA 46 
cyclic code check IFA 46 
datacheck IFA 46 
data check-count field IFA 46 
end-of-cylinder IFA 46 
equipment check IFA 46_ 
file protected * IFA 46 
format IFA 46 
intervention required IFA 46 
invalid sequence IFA 46 | 
missing address mark IFA 46 « 
: nulti-module select IFA 47 
no record found IFA 46 
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IFA, sense bytes (continued) 
online [FA 47 
overflow incomplete IFA 46 
overrun IFA 46 
pack change IFA 47 
ready IFA 47 
seek check IFA 46 
seek incomplete IFA 47 
selected status IFA 46 
sense bvteQ IFA 46 
sense byte 1 IFA 46 ; 
sense byte2 IFA 46 © 
sense byte3 IFA 47 
sense byte4 IFA 47 
sense bvte5 IFA 47 
SERDES check IFA 46 
track condition IFA 46 
track overrun IFA 46 
unsafe IFA 46 . 
unselected status IFA 46 
write current sense IFA 47 
‘share-cycle controls IFA 30 
start 1,0 operation - IFA 42 
Status indications IFA 9 
test] O operation IFA 82 
transfer in channel (TIC) IFA 8 
voltages ; 
stage 1 PWR.47 
stage 2 PWR 49 
{LC CPU 47 
- IM (input output extended logout mask) REC 17 
IMM byte register CPU 60 
IMPL 
check indicator USC) CNSL 37 
control storage load STOR 2 
example CFA 16 
operation CNSL 34 
370 microprogram load REF 15 
IMPL req'd indicator CNSL6 
IN (interrupt) external word CPU 34 
incorrect length (L PR-KB) CPK 61 
independent logout REC 18 
index 
control logic IFA 32 
controls IFA 32 
trap IFA 74 
trap to advance head IFA 77 
indicatadle kevs 
power-on key CNSL 34. 
Start console-file key CNSL 32 
indicator byte IFA 24. 
_ indicators 
A-register display CNSL 14 
adr comp match CNSL6 
adr x-late mode CNSL6 
alarm. CPK 6 
alter/display mode CPK 6 
busy (ECC check) CNSL 5 
byte cntr CNSL7 
cancel CPK 6 
CB trip . 
Models H2-K2 PWR 110 


indicators, CB trip (continued) 


stage |. PWR 28 
stage 2 PWR 30 
CE error(IFA) IFA 86 
CE mode (IFA) IFA 86 ° 
CF power on CNSL6 
clock stop .CNSL 6. 
“clock sync CNSL 4 
cmndreg CNSL7 
entr match CNSL7 
console-file registers (0-7) CNSL7 
corr cycle CNSL 6. 
CPU 
power check PWR 28 
power check (Models H2-J2) PWR 110 
system check CNSL 4 
CPU clock start CNSL7 
CS adr CNSL6 
data CNSL7 
dbl-bit (ECC check) CNSL 5 
diag stop CNSL 4 
disk adrreg CNSL7 
dply asmblr out CNSL 10 
error display (0-7) IFA 86 
exe cpit CNSL6 
heads extended (PF) PWR 28 
hdw (ECC check) CNSL 5 , 
-I-cycle CNSL 6 
I-cycle hdw (system check) CNSL 5 
W/O infec dsbld CNSL 36 
IMPL req’d CNSL 6 
intvn read CPK 6 
load CNSL8 
logpres CNSL6. 
LRU inval (adr x-late check) CNSL 5 
M-reg lamp CNSL 4 
man CNSL 8 
MG check 
Models H2-K2 PWR 110 
stage 1 PWR 28 
stage 2 PWR 30 
MS* (storage and control frame indicator) 
" stage 1 -PWR 28 
stage 2. PWR 20. 
multi-match (adr x-late check) CNSL 5 
no match (adr x-late check) CNSL 5 
pause CNSL7 
PF 
Models ti2—-K2 PWR 110 
stage 1 PWR 28 
stage 2. PWR 30 
power check 
Models H2~K2 PWR 110 
stage | PWR 28 
stage 2 PWR 30 
power-on complete 
Models H2—K2 PWR 110 
stage! PWR 28 
stage 2 PWR 30 
power on(PR-KB) CPK 6 
power on start 


_ indicators, power on start (continued) 


Models H2—-K2 PWR 110 
Stage! PWR 28 
Stage 2. PWR 30 ; 
power (system check) NSLS. 
probe (IFA) IFA 86 
proceed CPK 86 
regulators). 
CPU . PWR 28 
CPU (Models H2—K2) PWR 110 
MSF PWR 28 
| PF PWR 28 


PF (Models H2-K2) PWR 110 
. request pending CPK 6 
retry CNSL4 
SAR (parity check) CNSL 4 
SDBI (parity check) CNSL 4 
SDBO (parity check) CNSL 4 
set chan (system check) CNSL ad 
share cycle CNSL6 
sngECC CNSL6 
sng ECC thid CNSL6 
stor byte marks (parity check) CNSL 4 
stor control lines (parity check) CNSL 4 
Stor ctri lines (parity check) CNSL 4 
stor prot (parity check) CNSL 4 
stor I cycle CNSL6 
sys CNSL8 
test CNSL8 
therm check PWR 28 
therm (system check) CNSL 5 
TOD clock invid CNSL 31 
trap | cycle CNSL6 
trap 2cycle CNSL6 
wait CNSL8 
indirect addressing (LS) CPU 13 
indirect byte addressing definition MIC 16 
indirect word addressing definition MIC 16 
initial microprogram program toad cop): CFA 2 
initial power-on sequence 
description 
Models FED-I PWR 34 
Models H2-K2. PWR 114 
operation 
Models FED-I PWR 34 
Models H2—-K2 PWR 114 
initial regulatar voltage adjustment PWR 40 
initial selection IFA 42 
inline diagnostics IFA 87 


"inline test sequence IFA 87 


input/output 
logout mask REC 17 
RMS - REC 26 
insert storage key STOR 63 
instruction 
address validity REC 18 
cycles (see I-cycles) 
diagnose REF 7 
formats CPU 47 
length codes CPU 47 
monitor call CPU 130 
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instruction (continued) 
processing damage REC 16 
store channel ID REC 19 
storeCPUID REC 19 
instructions 
channel CHNL3 
‘load control REC 17 
retry, microprogram REC 8 
store control REC 17 


INTA-register CPU 34 
INTB-register CPU 34 
interface 
A and B switches (ISC) CNSL 37 
cabling ground wires PWR 72 
control check (PR-KB) CPK 6 
CICA CNSL 36 
IFA/2319 IFA 98 
ISC CNSL 37 
operation summary CHNL 8 
standard INTR 15 
integrated file adapter (see IFA) 
integrated storage control 
features FEAT 37 
functional details FEAT 37 
switches and indicators CNSL 3 
interlocking (cycle) CPK 49 
interrupt - 
code 
machine check REC 18 
summary REC 22 
table CPU 138 
key CNSL 34 
routine IFA 80 
interruptions 
cause REC 16. : 
machine check REC 16 
occurrence REC 18 
interval timer 
damage REC 16 
description CPU 114 
interrupt CPU 114 
switch 
description CNSL 31 
use CPU 114 
intvn req’d CPK6 
invalid address (PR-KB) cPK $4 
invalid character (PR-KB)  CPK 54 
Vo ; 
communications area CHNL 36 
device and UCW addressing CHNL 12 
extended logout inask REC 17 
extended logout pointer 
multiplexer CHNL 36 
selector . CHNL 77 
. hold, switch (CES) 
description PWR 29 
description (Models H2-K2) PWR 112 
location PWR 28 ; 
location (Models H2—K2) PWR 110 
INFC DSBLD, indicator (CTCA) CNSL 36 


1/O (continued) 

interface 
A and B switches (ISC) CNSL 37 
CTCA CNSL 36 

_ SC CNSL 36 

INTFS DSBLD indicator (ISC) CNSL 37 

ISC feature switches and indicators CNSL 37 

ISK (insert storage key) STOR 63 

off, switch (CES) 
description PWR 29 
description (Models H2~K2) PWR 112 
location PWR 28 
location (Models H2—K2) PWR 110 


J-K latch operation CPK 48 


K-assembler, ALU CPU 92 
KE (key in storage error uncorrected) REC 18 
key (see storage protect) . : 
key field IFA 6 
key in storage error uncorrected REC 18 
key length(KL) IFA 6 
key register CPU6l 
key switch (CE key switch) CNSL 35 
keyboard 
EBCDIC location table CPK 11 
datatoT! DIAG 36 
read operation, 3215 CPK 38 
test (T) mode.. CPK 54 
3210 CPK7 
' 3215 CPK 27 
keys (see switches) 
keys-store and display CNSL 32 


_ L-register CPU7 
lamp test, switch 
‘console CNSL 31 
IFA (CE panel) IFA 86 
PF (CE panel) 
Models H2-K2 PWR 110 
stage! PWR 28 
stage 2 PWR 30 
lamps (see indicators) 
latch 
accelerate CPK 45 
J-K operation CPK 48 
shift CPK 45 
stop. CPK 46 
stop latch buffered CPK 46 
fate data CPK 47 
legend, IFA diagrams IFA 34 
LG (logout valid). REC 18 
lights (see indicators) 
limited channel logout 
multiplexer CHNL 36 
selector CHNL 37 
line generation, PE 1-7. CPK 41 


load 
control instruction REC 17 
indicator CNSL 8 
IPL operation IFA 66 
key CNSL 34 
loading I-buffers CPU 53 
local storage 
address formation MIC7 
data checking CPU 10 
dataflow INTR7 
destination addressing CPU 11 
destination look ahead CPU 11 
introduction INTR 11 
maps CPU 16 
operation CPU 10 
scoping procedure CPU 17 
timing chart CPU 11 
jocal storage A 
A-addressing from console CPU 13 
data flow CPU 12 
indirect addressing CPU 13 
LSCS mode (addressing) CPU 13 
source direct address CPU 13 
local storage address formation chart MIC 17 
local storage assignments IFA 12 
local storage B 
addressing from console CPU 15 
addressing from console file CPU 15 
data flow CPU 14 
- force count address CPU 15 
indirect addressing CPU 15 
source direct address CPU 15 
local storage/expanded LS source gating diagram CPU 24 
local storage/external address formation MIC 16 
local-storage map CPU 16 
location(s) 
character, FOXX translate. CPK 30 
CPU electrical components 
Models FED-I_ PWR 6 
Models H2-K2 PWR 102 
current PSW. CPU 16 
I-cycle hardware CPU 56 
power frame . 
Models FED—-I PWR 6 
Models H2-K2. PWR 102 
storage STOR 66 


Jog pres, indicator CNSL 6 


logic and storage timings charts 
. ‘fast control access STOR 112 

tead control storage STOR 113. 
read main storage STOR 114 
read operation STOR 116 
store main storage STOR 115 
store operation STOR 116 

logic, basic symbology REF 4 


~ logout 


areas REC 18 

channel dependent REC 20 
CPU dependent REC 19 
‘CPU independent REC 18 
IFA extended IFA 75 
length REC 18 

machine check REC 17 


logout (continued) 
mask REC 17 
multiplexer channel CHNL 36 
pointer REC 17 
selector channel CHAN 77 
valid REC 18 
low trapIFA IFA 74 
low trap request IFA 40 
lower roller, A-register display CNSL 14-15 
LRTY REC 11 
LRU invat indicator (adr x-late check) CNSL 5S 
LSCS mode (addressing) CPU 13 
LSDST REC 1} 
lubrication (MG) 
Models FED—I_ PWR 60 
Models H2—K2 (see 3047 Power Unit "*i) 


M-register 
bit decode advanced bi-polar decode PWR 27 
bit decode phase 2] decode PWR 24 
comp, indicator CNSL4 
description CPU 102 
gating (traps) CPU 45 
introduction INTR9- 
use STOR 3 
machine check 
analysis and recording REC 4 
code validity bits REC 18 
contral registers REC 17 
description REC 8 
extended interruption information REC 19 
extended logout (MCEL) 
handler REC 23 
handling REC 22 
hard, description REC 18 
hard, software recovery REC 23 
interruption code REC 18 : 
interruption codes (old PSW) REC 22 
interruptions REC 16 
length © REC 18 
logout REC 17 
logout mask. REC 17 
mask REC 17 
pointer REC 17 
priority CPU 42 
registers REC 8 
soft, description REC 16 
soft, software recovery REC 23 
trap CPU 42 
main and control storage areas STOR 19 
main storage 
access MIC 5 
description STOR 19 
sizes INTR8 
maintenance aids — ; 
blocking prefetch CNSL 19 
:channel . REF 9 
console-file byte counter CNSL 29 
console printer-keyboard REF 10 
control word address trap CNSL i9 
-CPU REF 8 


_Maintenance aids (continued) 


data compare trap CNSL 18 
I-cycle branch loop cPU 80 
IFA REF 12 
motor generator 
Models FED—1 PWR 62 
Models H2—K2 {see 3047 Power Unit TM) 


‘major functional unit, card assignments REF 16 


MAN (manual), indicator CNSL 8 
manual storage procedure STOR 78 
manual storing procedure STOR 79 
maps é 
control storage MIC 13 
expanded local storage CPU 21 
externals CPU 32, 33 | 
local storage CPU 16 
mark 0-in (interface line) 
description CHNL 4 
introduction INTR 15 
MAS assembler instructions MIC 10 
mask 
asynchronous fixed logout REC 17 
asynchronous machine-check logout. REC 17 
configuration report REC 17 
damage report REC 17 
external damage report REC 17 
1/O logout REC 17 : 
input/output extended logout REC 17 
recovery report - REC 17 
synchronous machine-check extended logout REC 17 
warming REC 17 
masks and key validity REC 18 
MB-registers description CPU 103 
MB-registers purpose. INTR 9 
MCKA REC8 
MCKB_ REC 8 
memory (see storage) 
meter, usage . CNSL 35 
metering-in CHNL 5 
metering-out. CHNL5 


_ MG (see motor generator) 


microcode-hardware functions (I-cycles) CPU 50 
microdiagnostics ; 
basic tests 
listings DIAG 55 
microprogram example BGA8 DIAG 19 
sample listing DIAG 5 
test BABS (console-file mode) DIAG 4 
test BEA6 (local-store control store mode) DIAG 6 
troubleshooting DIAG 4 
extended tests : 
I-cycle microprogram example (EDBO) DIAG 28 
test EGE7 DIAG8 
test listings DIAG-56-60 
testing philosophy .. DIAG 2 
troubleshooting DIAG 8 
micromonitor control DIAG 35 
microprogram — 
assembler 
’ instructions: MIC 10 
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microprogram. assembler (continued) 
output MIC 7 ; ; id 
branch symbols MIC 84 
branching circuits CPU 104 
control word MIC 15 
contro!-word functions INTR 13 
description MIC 12 , 
index (370) REF 23 
instruction retry REC 10 
listing. fields defined MIC 8 
listing (370 sample) MIC 6 
mitroroutines (sample) MIC3 . 
operation CPK 57 
patch procedure MIC 85 
principles 
description MIC 2 
_ introduction. INTR 12 
references material MIC 84 
retry REC 13_ 
retry intro INTR14 | 
temporary fix MIC 85 — 
temporary fix procedure MIC 85 
temporary fix routine MIC 85 
370 MIC 3 ; 
mid-pac regulator removal and replacement. PWR 32 
mini-op control IFA9 a 
_Miniops IFA9 — 
-codes. IFA 21 
control IFA 9 
‘modifiers IFA 21 
no-op IFA 36 
read data IFA 37 
trap IFA 74 
- writedata IFA 38 
write gap IFA 29 
mixer board blower and filter PWR 59 
mnemonics CPK 54 


- mode. 


_ extended control CPU 131 
quiet REC 5 : 
recording REC 3 
register 
description CPU 34 
use REC 5 
threshold REC 5 
module : 
selection IFA 33 
storage STOR 10 
switch IFA IFA 33 
monitor call CPU 130 
MOP-register IFA 21 
motor control logic CPK 45 
motor downshift CPK 46 
motor-generator (MG) 
adjustments (overvoltage and output) PWR 55 
check indicator (PF) 
description PWR 29 
location PWR 28 ; 
control (see motor-generator regulator) 
drive motor PWR 4 
enclosure (housing) PWR 4 
éxciter (ac) PWR 4 


motor-generator (MG) (continued) 
faults PWR 70 
general information PWR 3 
hold, switch (CE3) 
' description PWR 29 
location PWR 28 
‘lubrication PWR 60 
output faults PWR 70 
output voltage adjustment PWR 56 . 
overvoltage adjustment PWR 55 
overvoltage (OV) check PWR71 | 
power-off controlled, switch (CE3) 
desctiption PWR 29 
‘location PWR 28 
preventive maintenance charts PWR 60 
regulator 
. © general information PWR 3 
overvoltage adjustment PWR-5S 
removal and replacement PWR 57 
service aid charts PWR 62 
thermal PWR 45 
thermal check PWR 70 
troubleshooting ‘ide PWR 62 
3047 (z-e 3047 Power Unit Theory-Maintenance 
Manual) 
motor-generator output voltage adjustment 
Models FED—I PWR 56 
Models H2—K2 (see 3047 Power Unit Theory-Maintenance 
Manual) 


‘ motor-generator regulator overvoltage adjustment 


Models FED—I_ PWR S55 
Models H2-—K2 (see 3047 Power Unit Theory-Maintenance 
Manual) 
motor-generator troubleshooting guide PWR 62 
MPX (see byte-multiplexer channel) 
MRTY REC 11 
MS (PSW masks and key validity) REC 18 
MSF indicator 
stage 1 PWR 28 
stage 2 PWR 30 
MSKA external CPU 34 
MSKB external CPU 34 
MST regulators 
bias voltage PWR 15 
bulk voltage. PWR 14 
component location PWR 77 
diagnostic procedure PWR 66 
dual-level PWR 20 
sequencing 
first sequence PWR 17 
second sequence PWR 17 
single-level PWR 20 
Start line PWR 20 
tri-level PWR 22 
types PWR 20 
multi-match indicator (adr x-late check) CNSL 5 
multi-track operations, IFA 
read IFA 63 - 
search IFA 69 ; 
multi-unit addressing CHNL 12 
multiplex cable, IFA/2319 IFA 98 
multiplexer channel INTR 16 


multiplexer channel logout CHNL 36 
multiplexer trap CPU 43 


_MULTITAG switch CNSL 37 


| 


N-register 
description CPU 103 
introduction INTR9 . 
new line control, 3210 CPK 23 
next control word address formation MIC 16 
no match, indicator (adr x-late check) CNSL 5 
no-op 
command IFA 50 
mini-op IFA 36 
(no operation) CPK 60 
NOREG (external word). CPU 34 
NORM test flow, common routine 
common setup and entry to common routines DIAG 48 
diagnostic “common routine” description DIAG 48 
not ready switch CPK 6 
NP-register (EXPLS-7B) CPU 22 


OBR . REC 25 
off/keyboard, switch (3215) CPK 32 
op-register CPU 60 
op-register logic IFA 21 
open fiat-wire bus solution PWR 74 
operating mode (CTCA) 
offline . CNSL 36 
online CNSL 36 
operation 
MST regulator PWR 20 
phase-controlled regulator PWR 18 
operation registers IFA 21 
operational-in CHNL 5 
operational-out CHNL 5 
operations 
basic IFA 35 
priority CPU 41 
operator's console, PR-KB description CPK 5 
optimized character arrangement, 3210 print element CPK 8 
optional features INTR4 | 
os 
checkpoint/restart REC 26 
error-recovery procedures REC 25 
1/O recovery management support REC 26 
recovery management support REC 23 
restart facilities REC 26 
RMS_ REC 23 
warm start REC 26 
OS/DOS compatibility : 
address adjustment example CPU 122 
adjust CCW instruction CPU 123 
example CPU 125 
adjust CCW list CPU 124 
execute local instruction example CPU 121 
functional units CPU 117 
general description CPU 116 
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OS/DOS compatibility (continued) 


instruction, execute local (exl) CPU 119 
interrupt handling CPU 127 
local list (lex list) CPU 120 
LRU 
(least recently used) CPU 117 
operational example CPU 118 
microprogram flow chart (LEX, ACCW instructions) CPU 126 
SIO example CPU 128 
SVC interrupt example CPU 128 
table buffer registers CPU 117 
OS/DOS functional units CPU 117 
outboard recorder REC 25 
outlets (convenience) 
Models H2-K2 PWR 104 
stage 1 PWR8 
stage2 PWR9 
output voltage adjustment (MG) 
Models FED—-I PWR 56 
Models H2—K2 (see 3047 Power Unit Theory-Maintenance 
Manual) 
overall data flow INTR6 
overvoltage adjustment (MG) 
Models FED- PWR 55 
Models H2—K2 (see 3047 Power Unit Theory-Maintenance . 
Manual) 
overvoltage/overcurrent detection 
Models FED-1 PWR 44 
Models H2—K2 PWR 122 
overvoltage (OV) trip circuit 
basic operation PWR 68 
troubleshooting 
overvoltage protection disabled PWR 68 
overvoltage protection operational PWR 68 


P-register CPU 6 

panel (see CE panel) 

parity control, data IFA 23 

parity correction STOR 52 

parity generator STOR 19 

parity generator (conceptual) STOR 52 
patch procedure, microprogram MIC 85 


. pause, indicator CNSL 7 


.PD (instruction processing damage) REC 18 
PE timing counter CPK 41 
PE 1-7 line generation CPK 41 
PER CPU 173 
PF indicator (PF) PWR 28 
PGA, PGB, CHIP and control bits, selection STOR 32 
phase rotation detection circuit 
Models FED-[ PWR 34 
Models H2—-K2 PWR 114 
phase-controlled regulator 
active cap PWR 18 
active cap adjustment PWR 52 
component location PWR 77 
components PWR 18 
control section operation PWR 18 


phase-control regulator (continued) 
input PWR 16 
operation PWR 18 
_ regulator removal and replacement PWR 57 
start line condition PWR 77 
phase 2! 
address and control interface STOR 23 
address and data interface (illustration) STOR 17 
address flow, example STOR 24 
BSM-ECCL-CPU interface (illustration) STOR 17 
control lines 
board active STOR 23 
board select STOR 23 
machine reset STOR 23 
reset STOR 23 
write STOR 23 
photographs (see troubleshooting aids) 
physical configuration 
general INTR3 
storage gates STOR 2 
plug (jumper) cards 
block-multiplexer channel feature plug cards REF 18 
memory select plug card REF 20 
microprogram temporary fix plug card REF 20 
selector channel feature plug card REF 20 
serial number, EC and feature plug card REF 21 
standard clock cards REF 20 
PM (program mask and condition code validity) REC 18 
PN-register CPU 22 
pointer, machine-check extended logout REC 17 
power 
CE panel ; 
Models H2-K2 PWR 110 
stage! PWR 28 
stage 2 PWR 30 
check indicators 
CE panel (Models H2—K2) PWR 110 
CE panel (stage 1) PWR 28 
CE panel (stage 2} PWR 30 
operator console CNSLS 
checking circuits 
Models FED—-I PWR 40 
Models H2-K2  PWR118 
component locations 
’ Models FED~I PWR6 
. Models H2~K2 . PWR 102 
console file 
stage 1 PWR 46 
stage 2 PWR 48 
control switches 
Models H2~K2 PWR 112 
stage t PWR29. 
stage 2. PWR 31 
conversion (ac-to-dc) : 
CPU, Models H2-K2 stage 1 PWR 105 
CPU, Models H2—K2 stage 2 PWR 106 
CPU, stage 1 PWR 110 
CPU, stage 2 PWR 111 
PF, Models H2-K2 PWR 108 
PF, stage] PWR 12 
PF, stage 2. PWR 13 


power (continued) 
CPU A-gate 
Models H2—K2 PWR 124 
stage] PWR 46 
stage 2 PWR 48 
CPU B-gate 
Models H2—-K2 PWR 124 
stage | PWR 46 
stage2 PWR 48 
de distribution 
Models H2—K2, stage 1 PWR 105 
Models H2—K2, stage 2 PWR 106 
stage i PWR8 
stage2 PWR9 
distribution (gate) 
CPU, stage! PWR 24 
CPU, stage 2. PWR 25 
PF A- and B-gate PWR 108 
frame locations 
Models FED-] PWR6 
Models H2—K2 PWR 102 
general information . 
Models FED—-I PWR 6 
Models H2~K2 PWR 100 
IFA 
stage | PWR 46 
stage 2 PWR 48 
motor generator 
Models FED-I PWR4 
Models H2—K2 (see 3047 Power Unit Theory-Maintenance 
; Manual) : 
off switch (CE4) 
description PWR 29 
description (Models H2-K2). PWR 112 
location PWR 28 : 
location (Models H2—K2) PWR 110 
off switch 
console CNSL 34 
PR-KB CPK 6 
protection circuits 
‘Models FED~I_ PWR 40 
Models H2—K2 PWR 118 
PF regulators 
Models H2-K2 PWR 107. 
stage 1 PWR 46 
stage 2 PWR 48 
preventive maintenance 
Models FED-I PWR 60 
Models H2—~K2 PWR 125 
printer-keyboard 
stage! PWR 46 
Stage 2 PWR 48 
safety 
Models FED—-I PWR3 
Models H2—-K2 PWR 100 
service aids , 
motor generator troubleshooting guide PWR 62 
supplies (see regulators) 
thermals 
Models H2-K2 PWR 123 
stage 1 - PWR 45 


power, thermals (continued) 
stage 2 PWR 46 
visual index (ALD references) 
Models FED-I PWR 6 
-Models H2—K2_ PWR 102 
voltage adjustments 
stage 1 PWR 46 
stage 2 PWR 48 
power checks 
CE panel indicators 
Models H2—K2 PWR 110 
stage! PWR 28 
stage 2 PWR 30 
protection and checking circuits 
Models FED-I_ PWR 40 
Models H2~K2_ PWR 118 
power fau!! detection block diagram PWR 80 
power frame ac-to-de conversion 
Models H2—K2 PWR 107 
Stage 1 PWR 12 
stage 2 PWR 13 
power frame regulators 
Models H2-K2 PWR 107 
stage 1 PWR 46 
stage 2 PWR 48 
power frame, storage STOR 2 
power gate A(PGA) STOR 20 
power gate B(PGB) STOR 20 
power off 
_ CE panel (CE4 switch) ; 
Models H2—K2 PWR 112° 
stage | PWR 29 
Stage 2 PWR 31 
console, key CNSL 34 
emergency, key PWR 38 


sequence 
CPU PWR 38 
CTCA CNSL 36 
power on 


CE panel (CE1 switch) 
description PWR 29 
description (Models H2~K2) PWR 112 
location PWR 28 
location (Models H2-K2) PWR 110 
complete, indicator 
Models H2-K2_ PWR 110,111 
stage 1 PWR 28 
stage 2 PWR 30 
console, key CNSL 34 
indicator (PR-KB) CPK 6 
sequence (CPU) 
Models FED-I_ PWR 35 
Models H2—-K2 PWR 115 
sequence (CTCA) CNSL 36 
Start, indicator 
Models FED—-I PWR 28 
Models H2—K2 PWR 110 
switch 
console CNSL 34 
PR-KB CPK6 


power on (continued) 
switch (CE1) 
description PWR 29 
description (Models H2—K2) PWR 112 
location PWR 28 
location (Models H2-K2) PWR 110 
power-on sequencing 
Models FED—1 PWR 34 
Models H2—K2_ PWR 114 
power panel, CE 
Models FED-I PWR 28 
Models H2-K2 PWR 112 
power sequence and control circuitry 
Models FED—I PWR 36 
Models H2—~K2 PWR 116 
power supplies IFA 97 
preventive maintenance (PM) 
general information 
Models FED-I PWR 60 
Models H2—-K2 PWR 125 
motor-generator 
Models FED-I_ PWR 60 
Models H2—K2 (see 3047 Power Unit Theory- 
Maintenance) 
motor-generator chart PWR 60 
regulators 
Models FED-—I PWR 60 
Models H2-K2 PWR 125 
previous op algorithm IFA 12 
primary power box, components 
Models FED-1  PWR6 
Models H2~K2 PWR 102 


print element (type head) character layout CPK 8 
print emitter ; 
sync check CPK 43 
timing counter CPK 41 
print magnet firing circuits, 3215 CPK 42 
print operation, 3215 CPK 27 | 
printed circuit board PWR 73 
printer 
3210 . CPK 8 
* 3215 CPK 27 
printer tilt/rotate codes CPK 8 
printing the punctuation character, colon (: ) 
3210 CPK 11 
3215 CPK 31 
priority 
controls diagram CPU 44 
operation cycles CPU 40 © 
operations CPU 4} 
operations (H-register) CPU 39 
PR-KB code translation CPK 10 
probe light IFA 86 . 
proceed, indicator CPK 6 - 
processing damage | REC 18 
program 
check (PR-KB) CPK 61 
controlled interrupt (PCI PR-KB) CPK 61 
mask validity REC 18° 
status word (PSW), defined .CHNL 3 
progrgm event recording (PER) CPU 173 
programming information (PR-KB) CPK 60 
protected dual-level regulator (MST) PWR 21 
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PR-KB alter ‘display information REF 8 
protection check (PR-KB) CPK 61 

PSW location CPU 16: 

PSWCTL, external word CPU 34 
pushbutton switches (see switches) 


quiet mode REC 5 


rate, rotary switch CNSL 24 | 
. RC (region code valid) REC 18 
tead ; 
fetch STOR 58 
generator STOR 48 
IFA 
‘commands IFA 63 
datacommand IFA6S - 
data delay, VFO IFA 14 
data mini-op IFA.37 
diagnostic tests IFA 92 
full cylinder test IFA 92 
gate: IFA 27 
HA command IFA 64 
IPL command IFA 66 
share request IFA 29 
single track test IFA 29 
read commarids IFA 57 
read. keyboard. operation 
3210. CPK 25 
3215 CPK 38 
_read, main starage operation STOR 58 
read operation timing STOR 116 
read ‘write 
controls IFA 27 
gate logic IFA 27 
cycle control, 3210 CPK 22 
readout controlword MIC 4 
readout main storage MIC 5 
ready switch CPK 6 ' 
real address computation example CPU 122 
recalibrate command IFA 54 
record fields 
count IFA6 
data IFA7 
home address IFAA 
identifier IFA 69 
key IFA6 
mode RECS 
zero(RO). IFA6 
recording é 
machine check REC 24 
modes REC 5 
recovery 
. hardware logic REC 3 
management support (RMS) REC 23 
procedures REC 25 
report REC 8 
software REC 2 
description REC 23 


recovery, software (continued) 
introduction REC 4 . 
system REC 18 


- reference manuals REF 6 


references, IFA latches REF 13 
region code(RC) REC 19 ° 
region code valid REC 18 
register 
A é 
description CPU 88 
use STOR3 
ABRTY REC Il 
B CPU 88 
backup REC 1} 
C 


description CPU 88 
use STOR 3 
CFDAR CPU 34 
CPURTY REC 11! 
-D CPU9S 
DK (EXPLS-7C) CPU 22 
EPSWA (external) CPU 34. 
EPSWB (external) CPU 34 
FA ; 
assignment table IFA 12 
initial selection IFA 43 
seek command IFA 52 
SI0-CC IFA 52 , 
FAT _ 
assignment table IFA 11 
use IFA 33 
FB IFA 12 
FBAK 
assignment table IFA It 
initial selection IFA 43 
FBO 
assignment table IFA 11 
use IFA 27 : 
FC 
assignment table IFA 12 
initial selection IFA 43 
PCH 
assignment table IFA 11 
no-op IFA 36 
read data IFA 37. 
write data IFA 38 
write gap IFA 39 
FCL : 
assignment table IFA 11 
no-op IFA 36 
read data IFA 37 
write data IFA 38 
write gap IFA 39 
FCS 
assignment table IFA 11 
error trap sequence IFA 96 
halt 1/O or halt device IFA 85 
initial selection IFA 43 
FCND IFA 11 
FD IFA 12 
FDR 


. register, FDR (continued) 


assignment table IFA 11 
read commands - IFA 63 
read data IFA 37 
read operation IFA 29 
search commands IFA 68 
seek operation IFA 28 
write commands IFA 57 
write data IFA 38 
write operation IFA 28 
FDS : 
assignment table IFA 1} 
diagnostic chaining test IFA 88 
error trap sequence IFA 96 
sense command IFA 48 
FED 
assignment table IFA 11 
diagnostic chaining test IFA 88 
diagnostic unsafe condition test IFA 59 
FERR IFA 11 
FFL IFA 11 
FGL IFA 11! 
FGT | 
assignment table IFA 11 
error trap sequence IFA 96 
FHC IFA 11 
FM 
assignment table IFA 12 
cylinder address register test IFA 89 
diagnostic unsafe condition test IFA 91 
FMOD 
assignment table IFA t1 
. sensecommand IFA 48 - 
use IFA 33 
FOP 
assignment table IFA 11 
cylinder address register test IFA 89 
diagnostic chaining test IFA 88 — 
diagnostic unsafe condition test IFA 91 
no-op IFA 36 
read data IFA 37 
read/write diagnostic test IFA 92 
write data IFA 38 
write gap IFA 39 
FS IFA 12 
FSB 
assignment table IFA 11 
error trap sequence IFA 96 
FST 
assignment table IFA 11 
use IFA 33 
FSTAT IFA 11 
FTAG IFA IH 
FTC CPU 96 
FTI IFA 11 
FTO IFA 11 
FTS IFA 11 
FW ¥ 
assignment table IFA 12 
initial selection IFA 43 
GBD CHNL 51 
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register (continued) 


GBF CHNL51 

GBUF CHNL51 

GBI CHNL SI! 

GB2 CHNL 51 

GB3 CHNL51 

GCL CHNL 8&8 

GCT CHNLS5I 

GDRL 
description CPU 22 
use CHNL 88 

GE CHNLSI 

GF CHNLS5! 

GL CHNL 51 

GO CHNL 5! 

GR CHNL S51 

GS CHNLS1 

GSP CHNL 51 

GTI CHNL 51 

GTO CHNLS51 

H (priority) CPU 38 

HMRTY REC J1 

1 (EXPLS.-50) 
description’ CPU 21 
use CPU 62 

IBU (EXPLS-54) 
description CPU 21 
use CPU 6} 

ICS (EXPLS-56) CPU 21 

IMM byte CPU 60 

INTA (interrupt A) CPU 34 

INTB (interrupt B) CPU 34 

key CPU 61 

L CPU7 

M 


description CPU 102 
use STOR 3 
MB CPU 103 
MBI CHNL 15 
MBO. CHNL 16 
mode REC 34 
MOP 
no-op IFA 36 
read data IFA 37 
’ write data. IFA 38 
write gap IFA 39 
MSKA (external) CPU 34 
MSKB (external) CPU 34 
MTI CHNL17- 
MTO. CHNL 17 
N_ .CPU 103 


_ NP(EXPLS-7B) CPU 22-_ 


OP CPU 60 
P. CPU 6- ; 
PN (EXPLS-79) CPU 22 
S CPU4 
SAR STOR3 
save area REC 19 
SDR STOR3 
SN (EXPLS-78) CPU 22 
SPTL 

description INTR 10 


register, SPTL (continued) 
detail CPU 3 
introduction INTR7 
use CPU59- 
SPTLB REC 1} 
storage byte mark STOR 48 
SYS (system register) CPU 38 
T CPU6 
TA 
3210 CPK 16 
3215 CPK 33 
table buffer CPU 17 
TE 
3210 CPK 117 
3215 CPK 33 
TI, 3210 CPK 18 
TODH CPU 109 . 
TODL - CPU 109 % 
TR (EXPLS-55) 
description CPU 21 
use CPU 62 
TT, 3215 -CPK 33 
U (EXPLS-53) 
_ description CPU 21 
use CPU 61 
V (EXPLS-51) 
description CPU 21 
use CPU 61 
W (EXPLS-52) 
description CPU 21 
use CPU 61 
.WK (EXPLS-7A) CPU 22 
word 1 CPK 33 
word ] and word 2 CPK 33 
Z CPU Sd : 
regulator 
initial voltage adjustment procedure PWR 50 
overvoltage adjustment (MG) 
Models FED--I PWR 56 


Models H2—K2 (see 3047 Power Unit Theory- 


Maintenance Manual) 
symptom-fix table PWR 82 
regulator test switch (CE6) 
description 
‘Models FED—-I PWR 29 
Models H2-K2 PWR 112 
location 
Models FED-I PWR 28 
Models H2—-K2 | PWR 110 
regulators : 
adjustments 
Models H2-K2 PWR 124 
stage 1 PWR 46 
Stage 2 PWR 48 
blowers and filters PWR 59 
CE panel, indicators 
Models H2~K2 PWR 100 
stage 1 PWR 28 
stage 2 PWR 30 
cooling 
Models FED~I PWR 3 
Models H2—K2 PWR !00 


regulators (continued) 
IFA 
adjustments (stage 1) PWR 47 
adjustments (stage 2) PWR 49 
locations IFA 97 
indicators (seq | and 2) 
Models H2-K2_ PWR 110 
stage 1 PWR 28 
stage 2. PWR 30 
located in PF 
Models FED-1 “PWR 47 
Models H2—K2_ PWR 103 
maintenance approach PWR 60 
mid-pac - PWR 3 : 
MST 
bias voltage PWR 15 
bulk voltage PWR 14 
component location PWR 77 
diagnostic procedure PWR 66 
dual-level PWR 20 
information -. PWR 3 
sequencing PWR 17 
single-level PWR 20 
start line. PWR 16 
tri-level PWR 22 
types. PWR 20 
’ overvoltage/overcurrent detection 
Models FED-I PWR 44 
Models H2—K2 PWR 122 
phase-controlled PWR 3 
active cap. PWR 18 
component location PWR 77 
components PWR 18 
control section operation . PWR 18 
_ information PWR 3 
input PWR 16 
operation PWR 18 . 
start line condition PWR 17 
protection and checking circuits 
Models FED—I - PWR 40 
Models H2-K2 PWR 118.- 
removal and replacment 
Models FED~1 PWR 57 
. Models H2—K2 PWR 126 
seq ! 
Models H2—-K2 PWR 107 
Stage 1 PWR 28 
stage 2. PWR 30 
seq 2 
Models H2-K2_ PWR 107 
stage 1 PWR 28 
stage 2 PWR 30 
series operation PWR 20 
shunt operation PWR 20 
service aid PWR 62 
thermals (locations) 
Models FED~1 PWR 45 
Models H2-K2)- PWR 123 
" undervoltage sensing system 
Models H2--K2, stage 1 PWR 118 
Models H2—K2, stage 2. PWR 120 
Stage 1 PWR 40 
stage 2 - PWR 42 


regulators (continued) 
voltage measurements 
Models H2~K2 PWR 124 
stage 1 PWR 46 
Stage 2 PWR 48 
remote sense leads (lines) PWR 20 
removal and replacement 
console file CFA 18 
functional unit assignments REF 16 
power : 
ac/dc modules PWR 58 
ac/dc modules (Models H2—K2) PWR 126 
blowers and filters (regulators) PWR 59 
blowers and filters (Models H2—K2) PWR 128 
dual-level supplies PWR 32 
dual-level phase controlled PWR 57 
motor generator(MG) PWR 58 
MST series regulators PWR 57 
request-in CHNL 5 
request pending indicator CPK 6 
request switch CPK 6 
reset offline switch (3215) CPK 32 
reset pulse adjustment PWR 52 
reset reference bit(RRB) STOR 63 
resistance table (K20, time delay) PWR 78 
restart ‘ 
address mark IFA 17 
key CNSL 33 
procedures for PR-KB CPK 62 
restore command IFA 50 
restore seek test IFA 94 
retry : 
channel REC 1} 
command REC 1i 
counter ~REC 12 
error REC 8 
errors REC 15 
hardware REC 11 
indicator CNSL4 
instruction REC 11 
introduction 
channel INTR 16 
command INTR 16 : 
error checking and correction (ECC) -INTR 14 
microprogram instruction INTR 14 
microprogram REC 11 
microroutine REC 12 
operation REC 1} 
priority CPU 42 
registers REC 11 
timings REC 14 
traps REC 15 
teturn word example MIC 36 
reverse operation, multiple characters CPK 53 
ripple check PWR 66 
RM (recovery report mask) REC 17 
RMS REC 23 
rotary switches A-H CNSL 28 
RRB, reset reference bit STOR 63 
RTYFLG REC It 


- R/W coax-cable, IFA/2319 IFA 98 


S-register bit description CPU 4 

safety 
Models FED-I PWR 3 
Models H2-K2. PWR 100 

SAR STOR 22 ; 

SAR and storage clock (second-level diagrams) 
advanced bi-polar storage STOR 31 
phase 21 storage STOR 30 

SAR bits 
advanced bi-polar decoding STOR 27 
phase 21 decoding STOR 24 . 

SAR parity check, indicator. CNSL 4 

save area REC 19 , 

SC (storage error corrected) REC 18 

SCAMPART STOR 78 

SCR PWR 44 

scancommands IFA 70 

scan compare IFA 26 

scan equal command IFA 73 

schematic diagram (power sequencing) 
Models FED-}_ PWR 36 
Models H2-K2 PWR 116 

SD (system damage) REC i8 

SDBI STOR 3 

SDBI parity check, indicator CNSL 4 

SDBO 
array card waveshapes (phase 21 only) STOR 97 
assembler INTR9 
data flow 

description CPU9 

overall INTR 6 

use STOR 3 
parity check indicator CNSL4 . . 
parity check (phase 21, ABM) STOR 96 
preasm CPU8 : 

SDR (statistical data recorder) REC 25. 

SDR, (see storage data register) 

SE (storage error uncorrected) REC 18 

search, IFA 
commands IFA 69 
IDcommand IFA 71 
KDcommand IFA 73 
key command IFA 72 
share request IFA 28 

second levels, IFA 
address-mark detection IFA 17 
bitring IFA 19 ; 
byte counter and decode IFA 22 
C-register force IFA 30 
clock IFA 16 
compare circuits IFA 26 
cyclic check IFA 24 
data request IFA 28 
data transfer clock IFA 28 
index IFA 32 
module select IFA 33 
op register and decode IFA 21 
read/write gates IFA 27 
SERDES and write data. IFA 23 
share cycle IFA 30 
share cycle clock IFA 31 
share request gates IFA29 - 


“7 
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second levels, (IFA) (continued) 
variable frequency osc IFA 14 : al 
write data IFA 20 
zero detection IFA 16 
ctor ready CFA 10 
seek address IFA 50 
seek command {FA 52 
seek diagnostic tests IFA 94 
segment CPU 139 
select block address, line “STOR 35 
selection controls CHNL 5 
selector channel 
block-multiplexer 
channel IPL CHNL 81 
error logout. CHNL 78 
trap . CPU 43 
bufter forward/backward assembler CHNL 85 
buffer share request generation CHNL a 
- dependent log REC 2) 
diagnostic controls DIAG 31 . 
“GA diagnostic functions | DIAG 31 
general information INTR 16 
indicator. CNSL 4 
loz REC 21 
logout CHNL 77 
word buffer CHNL 83 
‘selector channels 
address miscompare latch. CHNL 55 
address-out latch CHNL 55 
addressing principles CHNL 49 
basic data flow CHNL 46 
branch word GA function CHNE 48 
butfer byte counter CHNL 85 ; 
bufter shift controls CHNL 84 
catalog numbers CHNL 78 
channel ID CHNL 77 
channel-loaded latch CHNE 54 
’ channel logout CHNL 77 
channel-primed latch CHNL 55 
check facilities CHNL 71 
command-out latch CHNL 55, 56 
control storage map CHNL 47 
count-ready latch CHNL 55 
device-initiated polling controls CHNL 56 
diagnostic controls DIAG 3} 
error routine CHNL79 . 
exceptional status trap CHNL.73 
external word address and bit assignments CHNL 51 
functional units. CHNL 48 
GA diagnostic function DIAG 31 
GCL register CHNL 88 
GDRL register CHNL88 
halt device (HDV) CHNL 68 
halt | O(HIO) CHNL 68 
hold-go-for-compare latch CHNL 55 
tO communications area) CHNL 77 
initial selection polling controls CHNL 54 
initialization CHNL 62 
interruption handling CHNL 75 
local-storage assignments CHNL 50 
locations CHNL 47 
logout CHNL 77 


selector channels (continued) 
microprogram example (EJD5) DIAG 33 
memory flag register CHNL 88 
- operational overview’ CHNL 61 
operations CHNL 60 
poll-control latch CHNL 54 
polling clock  CHNL 54 
-recirculate latch CHNL 55 
retry-holdup latch ~CHNL 55 
* select-out latch 
description CHNL 55 
timing CHNL 61 
service-out latch CHNL 55 
share cycle 
clock CHNL 59 
controls CHNL 57 


input operation with buffer CHNL 87 


share request priority controls CHNL 58 
standard interface CHNL 4 

start I/O (SIO) CHNL 62 

status handling CHNL 73 

status latch CHNL 55 

status store CHNL 76 

test 1/0. CHNL 65 

typical buffer position CHNL 84 

word buffer CHNL 83 


‘sense bit errorcond IFA 47 


sense byte for PR-KB CPK 62. ° 
sense bytes (see IFA sense bytes) 
sense command IFA 46 
sense indications IFA9 
sense operation IFA 48 
sense point caps PWR 25 
separated clock/data IFA 14 
sequencing (power) 
circuitry schematic : 
Modeis FED-I_ PWR 36 
Models H2—K2 PWR 116 
description 
Models FED—I PWR 34 
" Models H2-K2 PWR 114 
EPO PWR 38 
operation . 
Models FED-I PWR 34 
Models H2—K2 | PWR 114 
power check PWR 328 
power off PWR 38 © 
poweron PWR 35 
sequential seek test IFA94 
SERDES logic IFA 23 
SERDES output timing IFA 23 
serial/deserial register (SERDES) IFA 23 
series regulator operation. PWR 20 
service aid 
blocking prefetch CNSL 19 
CE panel (switches and indicators) 
Models H2—K2  PWR_110 
stage | PWR 28 
stage 2 PWR 30 
console-file byte counter CNSL 29 
control word address trap CNSL 19 
data compare traps CNSL 19 _ 


’ service aid (continued) 


diagnostics STOR 48 
hardware checks STOR7! 
I-cycle branch loop CPU 80 
local storage addressing scope procedure CPU 17 
locations (CPU) STOR 66 
MG-fault isolation charts 
Models FED—I_ PWR 62 
Models H2—K2 (see 3047 Theory-Maintenance Manual) 
service checks 
Models H2-K2 PWR 124 
stage 1 PWR 46 
stage 2 PWR 48 
time delay card jumpering example STOR 73 
timing adjustments and checks STOR 73-75 
service aids, storage (see servicing information) 
service-in CHNL 4 
service-out CHNL4 
service tips PWR 76 
set clock (SCK) CPU 111 
set file-mask command IFA 51 
set IC key CNSL 32 
set/reset controls IFA 13 
setting the word registers CPK 43 
share cycle, IFA 
clock logic IFA 31 
gate logic IFA 30 
indicator CNSL6 
priority CPU 42 
timings IFA 3} 
share request controls IFA 28 - 
share request gate logic IFA 29 
shift cycle operation, 3210 CPK 26 
shift gating, ALU CPU 92 


. shiftlatch CPK 45 


shunt regulator 
bias and ripple check PWR 54 
operation PWR 20 
silicon-controlled rectifier (SCR) PWR 44 
simplex cables, IFA/2319 IFA 98 
single-level regulator (MST) — 
inputs. PWR 20 
operation ~ PWR 20 
single-level supply removal and replacement 
Models FED-I_ PWR 57 
Models H2-K2 PWR 127 
singleshot 
chopped forward or reverse CPK 45 
_ §S2 adjustment CPK 46 
single unit addressing CHNL 12 
six-pac ~ 
installation REF 22 
removal REF 22 
SM (synchronous machine-check extended logout mask) REC 17 
SN-register (expls-78) CPU 22 
SNG ECC 
CHK indicator CNSL6 
thid, indicator CNSL6 
soft machine checks 
description REC 16 
recovery REC 23 
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software recovery 
description REC 23 
introduction REC 4 
source gating (expis) CPU 23 
space count command IFA 55 
special voltage distribution chart REF 3 


SPTL 
backup (SPTLB) REC 11 
register 
description INTR 10 
detail CPU 3 
introduction INTR7 
use CPU 59 
SR (system recovery) REC 18 
SRTY REC il 


SSK, set storage key - STOR 63 
ST (storage logic validity) REC 18 
standard features INTR4 
standard index IFA 32 
standard interface 
description. CHNL 4 
introduction INTR iS 
start console-file key CNSL 32 
start I/O operation 
IFA {FA 42 ; : 
multiplexer CHNL 22 
selector CHNL 62 
start, key CNSL 33 
start line check PWR 67 
start lines — 
definition PWR 16 ; 
equivalent circuit PWR 16 
first sequence PWR 17 
first sequence diagram PWR 16 
purpose PWR 16 
second sequence PWR 17 
troubleshooting . PWR 67 — 
stat bits S-register CPU 4 
stat set symbols MIC 84 
statistical data recorder REC 25 
status byte IFA 74 
status byte for PR-KB CPK 61 
status CE indications IFA 87 
status-in. CHNL 4 
status indicators IFA 87 
status modifier (status bit PR-KB) CPK 61 : 
stepper motor control CPK 44 
stepping switch 
operation “PWR 32 
sequencing PWR 32 
stop after log 
multiplexer CHNL 36 
recovery procedures REC 22 
selector CHNL 77 
stop key CNSL 33 
stop latch CPK 46 
stop latch buffered CPK 46 
stop latch set conditions CPK 47 . 
stopping (3215) CPK 46 
storage 
Aand Bgates STOR 4-6 
ABM address buffer card (Part No. 8231509 or - 
8238201) STOR 103 


storage (continued) 


ABM address buffer card to more board 
interface STOR 104 
ABM address buffer (03A-B3, BA, C3, C4) location A2, 
_. component side STOR 102 
ABM error hold circuit STOR 118 
ABM, 03A-B3, B4, C3, C4 board wiring address and 
controls STOR 105 
ABM, 03A-B3, B4, C3, C4 board data wiring 
(vertical) STOR 106 
accessing STOR3 
address assignment (ABM) STOR 100 
address check STOR 47 
address check circuit STOR 117 
address interface STOR 28-29 
addressing 
advanced bi-polar STOR 14 
phase 21 STOR 13 
adjustments and checks STOR 73-75 
allocations, compatibility features FEAT 2 
any error retain latch STOR 118 
array card breakdown STOR 10 
array, module and chip selection 
’ by storage size STOR 32 
simplified logic example STOR 15 
bit-cell STOR 16 
board (ABM) STOR 101,110 
board capacitor layout chart STOR 118 
board selection STOR 22 
BOM (see BSM) 
BSM address and control interface connections STOR 28-29 
’ BSM address range STOR 4-6 
BSM intertace timing diagram STOR 36-37 
BSM internal timing diagrams STOR 38-39 
BSM reset line checks STOR 117 
BSM-to-ECCL interface STOR 17-18 
BSMs STOR7 
byte check STOR 72 
byte mark register STOR 48 
byte marks parity checks, indicator CNSL 4 
cabling, data and check bits STOR 40-42 
capacities (phase 21 and advanced bi-polar) STOR 2 
' clock STOR 22 
clock logic STOR 30-31 
configurations STOR 4-6 and 6.1 
controls STOR 13 
control line generation (PGA, PGB, chip, add 12, 
CTRL) STOR 32 
control word (see control word) 
CPU select pulse STOR 33 . 
CPU-to-ECCL interface tines STOR 17-18 
ctrl lines parity check, indicator CNSL 4 
data bit location chart STOR 41 
data-bus-out-pre-assembler CPU 8 
datacheck STOR 72 
data flow 
* fetch STOR 48 
ECCL STOR 21 
store STOR 48 
data interface STOR 28-29 - 
data register (SDR) - 
description STOR 46 


storage, data register (continued) 
use STOR 3 
diagnostics STOR 70 
ECC STOR 48 
ECC-board-to-CPU timing diagram STOR 33 
ECC decoder chart STOR 50 
ECC logic diagram STOR 49 
ECCL board (ABM) STOR 109 
ECCL board layout STOR 56-57 
ECCL-to-BSM interface lines STOR 17-18 
ECCL troubleshooting circuit aids (ABM) STOR 118 
error corrected REC 18 
error detection and correction STOR 52 
error handling STOR 20 
error type . REC 18 
errar-type decode logic diagram STOR 53 
external, addition of STOR 107 
fetch operation data flow STOR 46 
functional operations STOR 58 
functional units STOR 19-20 
gate layout (by addresses) STOR 4-6 and 6.1 
general information STOR 2 
hardware check logic diagram STOR 71 
interface address and control STOR 28-29 
interface BSM-to-CPU STOR 17-18 
introduction concepts INTR 8 
introduction, hardware description STOR 2 
jumpering and trilead swapping requirements (01BA3) for 
upgrading storage above 256k STOR 107.1 
logging (error) STOR 20 
main/control selection STOR 13 
miscellaneous maintenance information STOR 117 
module and chip selection STOR 15 
MST board layout STOR 11-12 
operations read control operation STOR 58 
PGA, PGB, chip and control bits selection . STOR 32 
protect 
description  INTR 9 
feature hardware description. STOR 62 
functional units STOR 63 | 
insert, storage key (ISK) STOR 63 
introduction INTR9 
indicator (parity check) CNSL 4 
logic diagram STOR 64-65 
overview STOR 20 
set storage key (SSK) STOR 63 
protection STOR 20 
read control STOR 113 
read half word example MIC 52 
read main storage STOR 58 
SAR (storage address register) STOR 22 
SAR bit transposition checks STOR 117 
SAR line checking STOR 117 
SDR description STOR 44-46 
SDR use . STOR 3 
select, rotary switch CNSL 22 
sizes STOR 2 
store operation STOR 60 
syndrome decoder chart STOR 52 
tie-up or tie-down application STOR 117 
timing STOR 33 ‘ 
timing and adjustments STOR 73-75 


storage (continued) 
timing chart, CPU select pulse STOR 33 
timing checks of storage related timing cards 
(CPU, PF) STOR 117 
trilead checks STOR 117 
upgrading STOR 107.1 
virtual CPU 139 
word example (see control word) 
word forms (see control word) 
write/store operation STOR 60 
24K BSM configuration STOR 8 
48K BSM configuration STOR 8 
storage address register (SAR) STOR 19 
storage boards (see BSM) 
storage checking procedures 
manual storage STOR 78 
word from switches STOR 86 
storage configurations STOR 4-6 and 6.1 
storage console approaches, manual procedures and reference 
timings (SCAMPART) STOR 78 
storage data bus-in STOR 3 
storage data bus-out STOR 3 
storage data register 
advanced bi-polar storage 
description STOR 46 
second-level diagram STOR 47 
data flow, read STOR 46 
data flow, write STOR46 | 
general description STOR 19 
phase 21 storage, description STOR 44 
storage interface 
advanced bi-polar STOR 12 
phase 21 STOR 11 
storage timing and adjustments STOR 73-75 
storage protect 
‘condition codes STOR 63 
description STOR 20 
functional description STOR 63 
hardware location ‘STOR 63 
high level diagrams 
storage capacities, 112-512k bytes STOR 64 
storage capacities, 768 or 1024k bytes STOUR 65 
instruction format (ISK, SSK, RRB) STOR 63 
key, description STOR 63 
overview STOR 62 
servicing information STOR 69 
stock, description STOR 63 
Storage instructions 
insert storage key (ISK) STOR 63 
reset reference bit(RRB) STOR63 _ . 
set storage key (SSK) STOR63° — 
storage selection STOR 13 
Storage servicing information 
card swapping 
CPU STOR 66 
power frame STOR 67 
diagnostics 
basic gioup (*BAS) STOR 70° 
extended group (*EXT) STOR 70 
introduction STOR 70 
MBAO run-time chart STOR.70 
hardware checks 


storage servicing information, hardware checks (continued) 
address check. STOR 72 
bytecheck STOR72_ - 
datacheck STOR 72 
hardware check STOR 71 
second-level diagrams STOR 71-72 
storage-control-line parity check STOR 72 
locations 
CPU STOR 66 
power frame STOR 67 
storage protect (O3AA4) 
ALD page references STOR 69 
card function chart STOR 69 
card socket diagram STOR 69 
timing chart STOR 69 
supplementary packaging information STOR 100 
storage timings (see logic and storage timing charts, 
and timing chart, storage) 
storage to ECCL (phase 21) STOR 17 
store 
channel ID instruction REC 19 
clock (STCK) CPU 111 
control instruction REC 17 
CPUID instruction REC 19 
key CNSL 32 
status CPK 54 : 
store operation STOR 20 ' 
store operation timings STOR 116 
store (write) STOR 60 | 
store I cycle indicator CNSL6 
strobe 
diagnostic CPK 17 
keyboard, 3210 description CPK7 
keyboard,-3210 use CPK 15 
subchannels CHNL 3 
subclass REC 18 | 
supplies (see regulators) — 
supply response to overvoltage/overcurrent conditions PWR 23 
suppress-out CHNL 4 
SW external word CPU 34 
switch 
address compare CNSL 18 
address compare control CNSL 31 
alarm reset CPK 6 
allow CE mode IFA 86 
alter/display CPK 6 
blower off (CE3) 
Models FED—! PWR 28 
Models H2-K2  PWR110 
check control CNSL 26 
check reset CNSL 32 
CK reset (CE2) 
Models FED-1 PWR 29. 
Models H2—-K2_ PWR 112 
console-file register display CNSL 31 
control address set_ CNSL 32 
cylinder select/head select (IFA) IFA 86 
diagnostic/console-file control CNSL 28 
display . CNSL 32 
emergency pull CNSL 35 
“‘ehable system clear CNSL 32 
end CPK6 
error disable IFA 86 
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switch (continued) 
error-override (CE2) 
Models FED—I PWR 29 
Models H2-K2 PWR 112 
HO hold (CES) 
~* Models FED-I PWR 29 
Models H2-K2 PWR 112 
’ VOinterface CNSL 36 
VO off 
Models FED-I PWR 29 
Models H2-K2 PWR 112 
interrupt CNSL 34 
interval timer CNSL 31 
lamp test 
CE6 PWR 29 
CE6 (Models H2—K2) PWR 112 
console CNSL 31 
IFA IFA 86 
load CNSL 34 
MG hold (CE3) 
Models FED-I° PWR 29 
Models H2—K2 PWR 112 
MG pwr off controlled (CE3) 
Models FED-I PWR 29 
~ Models H2-K2 PWR 112 
not ready CPK 6 
off/keyboard (3215) CPK 32 
power off . 
console CNSL 34 
CE4+ PWR 29 
CE4 (Models H2-K2}. PWR 112 
-  PR-KB. CPK6 
_ power on 
console CNSL 34 
- CE1. PWR 29 
_ CE} (Models H2-K2) PWR 112 
i PR-KB CPK6 
rate CNSL-24 
ready CPK 6 
‘reg test (CE6) 
Models FED-I PWR 29 
Models H2—K2 PWR 112 
request CPK 6 
reset offline (3215) CPK 32 
restart CNSL 33 
rotary, A-H CNSU 30 
setIC CNSL 32 
start CNSL 33 
start console file CNSL 32 
Stepping PWR 32 
stop CNSL 33 
storage select CNSL 22 
store CNSL 32 
system reset CNSL 33 
test on/test off (3215) CPK 32 
test select IFA 86 
TOD clk CNSL 31 
symbolic microprogram MIC 6 
sync byte IFA 17 
sync jack IFA 86 
syndrome decoder chart STOR 52 
syndrome latches, variable set to (EC140239 only) STOR 92 


sys indicator CNSL8 
4 "system 
indicator CNSL8 
check, indicators CNSEL 8 
control panel CNSL 2 
damage REC 16 
indicators. CNSL 8 
recovery REC 16 
reset, key CNSL33 | 
System/360, System/370 compatibility exceptions _INTR 14 
symptom-fix : i 
information PWR 82 
table (regulators) PWR 82 


T-mode (keyboard test) CPK 54 
T-register CPU 6 
TA-register 
3210 CPK 16 
3215 CPK 33 
table 
EBCDIC fu. 3210 graphics CPK 10 
EBCDIC to tilt/rotate locations CPK 11 
FOXX CPK 30 
F9XX character Jocations CPK 30 
keyboard-tilt/rotate codes CPK 8 
keyboard to EBCDIC storage locations CPK 11 
3215 7x7 matrix codes CPK 28 
tags-in CHNL 4 
tags-out CHNL 4 
TD (timer damage) REC 18 
TE-register 
3210 CPK17 
3215 CPK 33 
temperature limits (thermals) 
, Models FED-I PWR 45 
Models H2—K2 PWR 123 
temperature sensing . 
Models FED-I_ PWR 45 
Models H2-K2 PWR 123 
temporary fix, microprogram MIC 85 
test 1/0 operation 
IFA IFA8?2 
multiplexer . CHNL 22 
selector CHNL 65 
test, indicator CNSL8 
test select switch IFA 86 
testing 
basic tests DIAG 2 
data flow DIAG3 
extended tests DIAG 2 
philosophy DIAG 2 
thermal 
checks PWR 69 
indicator CNSL 5 
operation PWR 69 
sensing and locations 
Models FED-I_ PWR 45 
Models H2~K2. PWR 123 


therm check indicator 
Models FED~I_ PWR 28 
Models H2—-K2_ PWR 110° 


- threshold mode- REC 5 


Tl-register 
input gating, 3215 CPK 35 
3210 CPK 18 


tilt/rotate codes CPK 8 


time-of-day clock (see TOD clock) 
time-of-interruption occurrence REC 18 
timeout circuit CPK 20 
timing 
charts, IFA ; . 
address-mark detection IFA 17 
bit ring IFA 19 
clock IFA 18 
index IFA 32 
read share IFA 28 
search share IFA 28 
share cycle IFA 31} 
variable frequency osc IFA 14 
write share IFA 28 
zeros clocking IFA 16 
counter, PE pulse . CPK 41 
CPU clock (see CPU clock) 
L-cycle CPU 67 
L-cycle branch loop CPU 28 
retry REC 14 
timing, chart (storage) 
advanced bi-polar, main storage STOR 33 
phase 2] © 
control storage STOR 33 
main storage STOR 33 
timing (ECCL and BSM) 
BSM interface STOR 36-37 
BSM internal STOR 38-39 
charts STOR 33 
CPU toECCL STOR 33 
ECCL delay lunes STOR 34-35 
TOD clock 
ALD references CPU 113 
bit definition CPU 109 
card locations. CPU 113 - 
clock damage REC 16 
clock-setting sequence CPU 110 
clock-update sequence CPUIIO .+ 
enable switch CPU 109 
error detection CPU 110 
H-register CPU 109 
instructions CPU 110 
inval-indicator CPU 109 
L-register CPU 109 
manual set CPU 110 
operation CPU 109 
output assembler CPU 112 
physical description CPU 109 
security switch CPU 109 
set clock instruction . CPU 111 
store clock instruction CPU 111 
. switch CNSL 31 
validity indicator CPU 109 


TR-register (EXPLS-55) 
description CPU 21 
use CPU 62 
TR special dc power requirements 
stage} PWR 46 
stage 2 PWR 48 
TRs 
CPU 
stage 1. PWR 10 
stage 1 (Models H2-K2) PWR 105 
stage 2 PWRI11 
stage 2 (Models H2-K2) PWR 106 
power frame 
Models H2—K2 PWR 107 
stage 1 PWR12 
stage 2 PWR 13 
track format IFA6 
transfer in channel IFA8 
transfer in channel (TIC) CPK 60 
transformers 
CPU 
Models H2—K2, stage 1 PWR 105 
Models H2—K2, stage 2 PWR 106 
stage] PWR8 
stage 2 PWR9 
stage 1(400-Hz) PWR 10 
stage 2(400-Hz) PWR 11 
PF PWR 107 
translating from EBCDIC to matrix code CPK 29 
translation 
3210 PR-KB code CPK 10 
3215 PR-KB code CPK 28 
trap 
address descriptions CPU 41 
address list CPU 41 
addresses (retry) REC 15 
controls diagram CPU 44 
CPU high CPU 43 
CPU low CPU 43 
cycles CPU 40 
IFA high CPU 43 
IFA low CPU 43 
machine check CPU 42 
operation CPU 39 
retry CPU 42 
routines IFA 74 
scan/clear CPU 43 
store display CPU.43 
1-cycle, indicator CNSL6 
2-cycle, indicator. CNSL6 
traps . 
M-register gating diagram CPU 45 
retry REC 15. 
TRTY REC 11 


tri-level regulator (MST), stage 1 
components PWR 22 
inputs PWR22 
operation PWR 22 

tri-level regulator, stage 2 
components PWR 23 
sequencing PWR 23 | 
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troubleshooting aids 
bias voltage check PWR 67 
blowers PWR 64 
bulk voltage check PWR 66 
CPU thermals PWR 69 
dc profile PWR 65 
dc voltage profile PWR 65 
de ripple check PWR 66° 
filters PWR 64 
ground loop check PWR 74 
grounding principles PWR 72 
Models H2- K2 (see troubleshooting PWR) 
MG 
checks PWR 70 
faults PWR 70 
overvoltage check PWR7I1 
MST regulators PWR 66 
open flat-wire bus PWR74 
overvoltage trip PWR 68 
photographs (location) 
AC/DC module PWR77 
bias transformer. PWR77 
bulk transformer PWR 77 
MST regulators PWR76 
phase-controlled dual regulator PWR 77 
transformer (TR108/TR408) PWR77 
service tips PWR 76 
start line check PWR 67 
TT-register 
3210 CPK 20 
3215 CPK 33 
two volt phase-controlled regulator adjustment and scoping 
procedure PWR 50 
two-volt phase-controlled regulator scoping procedure PWR 50 
two-volt regulator adjustment PWR 50 
two-volt regulator scoping procedure PWR 50 
To STOR 33 


U-laminar bus 
A-gate PWR 24 
B-gate “PWR 24 
PF PWR 108 
U-register . (EXPLS 53) 
description CPU 21 
use . CPU 66 
undervoltage sensing 
stage 1 PWR 40 
stage 2. PWR 42 : 
Models H2-K2 PWR 118 
unit check (status bit 6 PR-KB) CPK 62 
unit control words (UCWs) CHNL 4 
unit data flow 
A-local storage CPU 12 
A-register display CNSL 16 
address compare switch .CNSL 18 
ALU CPU 93 : 
B-local storage CPU 14 
’ display assembler out CNSL 10 
I-cycle address generation CPU 63 


unit data flow (continued) 
I-cycle address generation and control decode CPU 65 
I-cycles CPU 58 
local storage CPU 12 
SDBQ pre-asm CPU9 
storage functional units STOR 22 
unit exception (status bit 7 PR-KB) CPK 62 
unit status byte IFA 74 : 
unsafe indications IFA87 © 
upper roller, display assembler out CNSL 10 
usage meters CNSL 35 


V-register (EXPLS-51) 
data flow CPU 61 
storage location CPU 21 
validate function DIAG 19 
validity bits, machine-check code REC 18 
variable frequency oscillator (see VFO) 
VFO 
adjustments IFA 14 
logic IFA 14 
timing IFA 14 
trigger IFA 14 
zeros clocking IFA 16 
virtual storage CPU 139 
visual index (power) ALD reference pages 
Models FED—I PWR6 
Models H2~K2 PWR 102 
voltage 
console file 
stage 1 PWR 47 
stage 2. PWR 49 
convenience outlet - 
Models FED-I PWR 8 
_ Models H2-K2. PWR 104 
. CPU A and B gates 
stage 1 PWR 46 
stage2 PWR 48 
CPU B-gate main storage 
stage 1 PWR 46 
stage 2 PWR 48 
distribution ; 
flat-wire bus PWR 26 
gate (dc) PWR 24 
general information PWR8 
Models H2—K2 PWR 104 
U-laminar bus PWR 24 
flat-wire bus chart PWR 48 


IFA 
stage 1 PWR 47 
stage 2 PWR 49 
laminar bus chart PWR 48 
measurements and adjustments 
Models H2-K2 PWR 124 
stage 1 PWR 46 
‘stage 2 PWR 48 
PF regulators - 
stage 1 PWR 47 


voltage, PF regulators (continued) 
stage2 PWR 49 
printer-keyboard 
stage 1 PWR 47 
stage2 PWR 49 
TR special dc power 
stage 1 PWR 47 
stage 2 PWR 49 
voltage distribution 
cPu 
Models FED-I1 PWR 8 
Models H2—K2 PWR 104 
PF 
Models FED—-I_ PWR 8 
Models H2~K2 PWR 104 


w (warning) REC 18 
W-register (EXPLS-52) 
description CPU 21 
use CPU 61 
wait indicator CNSL8 
warm start facility forOS REC 26 
wire color codes (grounding) PWR 73 
wire fire datatoT1 DIAG 37 
WK-register (EXPLS-7A) CPU 22 
WM (warning mask) REC 17 
word 
buffer, selector CHNL 83 
move word 
bit format MIC 40 
description MIC 38 
example MIC 42 
registers, setting the CPK 43 
selection (SDBO) CPU8 
1 and 2 register (3215) CPK 33 
word top, word bottom (storage) STOR 16 
WP (PSW MWP validity) REC 18 
write 
ACR CPK60 
data (word 1 and word 2) registers CPK 31 
IFA 
CKD command IFA 60 
clock/data generation IFA 20 
clock gate IFA.27 
commands IFA 57 
data command IFA 59 
data mini-op IFA 38 
diagnostic tests IFA 92 
full cylinder test IFA 92 
gap mini-op IFA 39 
gate IFA 27 
gate logic IFA 27 
HA command. IFA 56 
oscillator IFA 15 
share request IFA 28 
single-track test IFA 92 
special command IFA 57 


write (continued) 
Operation 
3210 CPK 23 
3215 CPK 36 : 
store operation, storage “STOR 60 
WTC autotransformer 
Models FED-I PWR8 
Models H2—K2 PWR 104 


Z-register 
introduction INTR 10 
description CPU 14 

Zeros 
clocking chart IFA 16 
clocking IFA 16 
detect logic IFA 14 
detection, IFA VFO IFA 14 


NUMERIC INDEX 
23 FD (see console file) 


370 . 
microprogram index REF 23 
microporgram list MIC 16 
microporgram listing 
destinations MIC 8 
samples MIC 6 
1400/1440 compatibility feature instruction EA FEAT 10 
2312 disk drive IFA 4 
2313 disk drive IFA 4 
2316 disk drive. IFA4. . 
2318 disk drive IFA4., 
2319 disk facility IFA4 
3046 power interlock description PWR 34 
3145 addressing configuration, example STOR 80 
3145 reference manual REF 6 
3210 
console printer-keyboards, description CPK 4 
control and data flow CPK 15 
data and control registers CPK 15 
keyboard CPK7 
keyboard codes CPK7 
keyboard (read) operation CPK 25 
power distribution PWR 8° 
PR-KB code translation CPK 10 
PR-KB integrated attachment CPK 14 
printer CPK8 
shift-cycle operation CPK 26 
voltage chart 
stage! PWR47 
stage 2 PWR 49 
write operation CPK 24 
3215 
attachment data flow DIAG 36 
_ condensed data flow’ CPK 33 
console printer-keyboard CPK 27. 
. console printer-keyboard, description CPK 5 
control and data flow CPK 34 a" 
‘data and control registers CPK 33 


diagnostic functions DIAG 36 
“at 
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32 15 (continued) 
diagnostic hardware DIAG 36 
kevboard CPK 27 
keyboard operation (read) CPK 38 
power distribution PWR 8 
PR-KB code translation CPK 28 
PR-KB integrated attachment CPK 33 
print magnet firing circuits CPK 42 
print operation CPK 27 
printer CPK 27 
TE-register CPK 33 
tests-description DIAG 39-42 
TT-register CPK 33 
voltage chart, stage 1 PWR 47. 
voltage chart, stage 2 PWR 49 
write operation CPK 36 . 
7x7 matrix codes, cable CPK 28 ‘ 
3345 addressing configuation,example STOR 80 
3345 storage and control frame PWR 6 
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